
% Office I 





INVESTOR IN PEOPLE 



The Patent Office 
Concept House 



Cardiff Road 
Newport 



South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




An Executive Agency of the Department of Trade and Industry 



4. APR. 2003 17:18 HARRISON GODDARD FOO 



Patens FuftfHBfrATENT OFFICE 

I a ■ * a 



PaterUsAct igjfc 
(Rule 16) 



Request 



WM 
0 4 APR 2003 

RECEIVED BY FAX. 

:or grant of a patent 



Office 



1 



NO. 863 P. 3/91 



04APR03 E7S?j?p6-i $52973 .1'" 
P01/7700 0.O#-G30?Si7-7 #T 



&t As note en deceit of dri./ivm r«, eauaZre^wju, 
thiitans) 



1. Your reference 



JHC/P041 074GB 



Q3Q7817.7 



2. Patent application number 

(Tht Patent Office wilt £w in ma pan) 
3- Funitam^addi^andpostctJdeoftheorof frigen Limited 

20 st JaS street 
LONDON 
SW1A1ES 

Patents ADP number (ttye>u know ft ^ ^ ^ V ^ V 

If the applicant js a corporate body, give the 
counay/stateofiteincorpo^on United Kingdom 

4. Title of the invention 



Th* Pirt fjrt Office 

Cardiff:^ 
Newpoit 
South Wales 
NF9 1RH 



0 4 APR 2003 



BORONIC ACID COMPOUNDS 



Name of your agent (if you on*> ' . " 

Hamson Godcfanl Foofe 

^Adt^ss for senic^ln die United Kingdom Hol „ MWA u „ 
to whlcn dD correspondence should be sent be, 9rave Haff 

flvtfudixts &e pomade) Belgrave Street 

Leeds 
LS2 8DD 

Patents ADP number (if you know S$ ~\ H> I &° 



6. If you are declaring prioifty from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and fryouJumwMthe or 
each application number 



Counny Priority npplJcatfcri number Date rrf HlirU 



7, If this application te divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Nunotxi/ of earlier application 



Data of fflfcg 



8. Is a statement of inventorship and of right 
to grant of a patent required in support of 

this request? (Answer Tes'j£ 

b) chere is on inventor who is nrv named as an 
applicant, or w 

c) any "a*™** Bppbca n t is a corp^A? body. ^ 
SetfiOtaffi) 



Patents Form 



[0065497 O^jA^ 



1/77 



r 



4. APR. 2003 17:19 
Patents Form 1/77 



HARRISON 6O00ARD F00 



NO. 863 P. 4/91 



9, Enter the number of sheets for any of the 
following items you are filing -with this form. 
Do not count copies of the same document 



[THE PATEN I OFFlCiCdntinuacion sheets of this form 

NA 

OA APR 2003 | ^ Bt/ 



Claim (s) 
Abstract 



Drawing^? 4 J ^ 



10. If you are alio filing any of the following, 
state how many against each item- 
Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Parent? Farm 7/7?) 

Request for preliminary examination 
and search (Patents Form 9/77} 

Request for substantive examination 
(Patents Fotm JO/77) 

Any other documents 

(pJaae? specify) 



1L 


/*lAWe request the grant of a patent on the basis of this app 
/ ^5Apri[ 2003 


ication. 


12. Name and daytime telephone number of £ 
person to contact in the United Kingdom 


Jonathart Couchman 01 13 233 0100 





After an application for a patent has been hied, the Comptroller of the Patent Office will consider whetJier publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977, 
will be informed if it Is necessary io prolilbit or restrict your invention in this way. Furthermore, if you live in t 
United Kingdom Section 23 of zhe Patents Act 1977 stops you from applying for a patent abroad without first & etting 
written permission from the Patent Office unless an application has been Sled at feast 6 weeks beforehand in i 
United Kingdom for a patent fur the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 



itle 



Nates 

a) If you need help to fill in this form or you have any questions; please contact die Patent Office on 0645 $00^05. 

b) Write your answers in capital letters using- black ink Or you may type them. 

c) If there is not enough Space for all the relevant details on any part of this form, please continue on a separa 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attacked to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be Wed. 

e) Once you have filled in the form you must remember to sign and date it 

f) For details of the fee and ways to pay please contact the Patent Office. 

Patents Fond 1777 



4. APR. 2003 17: 19 HARRISON GODDARD FOO 

M1074CB1.4 (as filed) • Multivalent metal salts I 



NO. 863 P. 5/91 



C 



TITLE OF THE INVENTION 
BORONIC ACID COMPOUNDS 

BACKGROUND OF THE INVENTION 

5 

The present invention relates to pharmaceuticaNy useful products obtainable from organoborc nic 
adds. The application also relates to the use of members of the aforesaid class of products, to 
their preparation and formulation and to other 5ubject matter. 

10 Bottnic Add Compounds 

It has been known for some years that boronic add compounds and their derivatives, e.g. est* rs, 
have biological activities, notably as inhibitors or substrates of proteases. For example, KoeMer 
et aL Biochemistry 10: 2477 (1971) report that 2-phenylethane boronic acid inhibits the s$rne 

15 ptotease chymotrypsfn at millimolar levels. The inhibition of chyrnotrypsin and subtilisin by 
arylboronic acids (phenylboronic add, m-nitro-phenylboronic add, m-^minophenylboronic acid, 
m-bromophenylboronic add) is reported by Phillip et al, Proc Nat. Acad. Set. USA 68: 478-4 SO 
(1971). A study of the inhibition of subtilisin Carlsberg by a variety of boronic add, especfclly 
phenyl boronfc adds substituted by CI, Br, CH3, H2IM, MeO and others, is described by Seufiir- 

20 Wasserthal et al, Qforg, Med. Chem, 2(1): 35-48 (1994). 

In describing Inhibitors or substrates of proteases, PI, P2, P3, eta. designate substrate or 
inhibitor residues which ane amino-terminal to the sdssile peptide bond, and SI, S2, S3, et:-, 
designate the corresponding subsites of the cognate proteinase in accordance with: Schechfcer, L 
25 and Berger, A. On the Size of the Active Site in Proteases, B!och&r?.B}ophys.Re5.CDmm. f 1967, 
27, 157-162. 

Pharmaceutical research into serine protease inhibitors has moved from the simple arylboror ic 
adds to bqropeptides, I.e. peptides containing a boronic add analogue of an N-acyl-a-amino acid. 

30 The boronic acid may be derivatised, often to form an ester. Shenvi (EP-A-145441 and US 
4499082) disdosed that peptides containing an oc-aminoboronic add wfth a neutral side chain 
were effective inhibitors of elastase and has been followed by numerous patent publications 
relating to bonopeptide inhibitors of serine proteases. Spedfic, tight binding boronic acid 
inhibitors have been reported far elastase (Kj, 0.2SnM), chymotrypsin (Kj, OJZSnM), cathepsin G 

35 (Kj, 21nM), a-[ytic proteinase (Kj, 025nM), drpeptidyl aminopeptldase type IV (Kj, 16pM) ar d 
more recently thrombin (Ac-D-Phe-Pro-boro Arg-OH (DuP 714 initial Kf 1.2nM). 



fOQ65W QA-Apb-03; 05 :43 || 



4. APR. 2003 1 7: 1 9 HARRISON GODDARD FOO 

P4X074GB1.4 (as filed) - Multivalent metal sails I 



NO. 863 P. 6/91 



10 



15 



20 



25 



30 



35 



Claeson et al (US 5574014 and others) and Kakkar et al (WO 92/07869 and family rnemt ers 
including US 5648338) disclose thrombin inhibitors having a neutral C-terminal side chain, for 
example an allcyl or afkoxyalkyt side chain. 



5 Modifications of the compounds described by Kakftar et al are included in WO 96/25427, directed 
to peptidyl serine protease inhibitors in which the P2-P1 natural peptide linkage is replaced by 
another linkage. The aforesaid PCT application and its corresponding US patent (US 6127340) 
are included herein by reference, in particular the hydrophobic P3 and P2 residues descried 
therein, the non-basic (hydrophobic) PI residues described therein, and the described non- 
natural peptide linkages and their synthesis. As examples of non-natural peptide linkages may 
be mentioned -C0 2 -, -CH 2 0-, -NHCO-, CHYCH 2 -, -CH-CH-, -CQ(CH 2 ) p CO- where p is 1, 2 or :\, 
OOCHY-, -CO r CH 2 NH-, -CHY-NX-, -N(X)CH 2 -N(X)CO-, -CH=C(CN)CX>, -CH(OH)-NH-, -CH(c|^> 
NH-, -CH(OH)-CH 2 - or -NH-CHOKK where X is H or an amino protecting group and Y is H 
halogen, especially R Preferred non-natural peptide linkages are -C0 2 - or -Ol 2 0-. 



Metterpich (EP 471651 and US 5288707, the latter being assigned to Trigen limited) disclos es 
variants of Phe-Pro-BoroArg boropeptides in whfch the P3 Phe is replaced by an unnatural 
hydrophobic amino acid such as TMSal, p-TBDPS -0-Me)-Phal or p-OH-Me-Phal and the PI sjde 
chain may be neutral (alkoxyalkyl, afkylthroalkyl or trimethylsiJylalkyl). 

Amparo (WO 96/20698 and family members including US 5698538) disclose peptidomimetics of 
the structure AryHinker-Boro^a), where Boro(Aa) may be an aminoboronate residue with a nc n- 
basic side chain, for example BoroMpg. The linker is of the formula -(CH 2 ) m CONR> (where m is 
0 to 8 and R is H or certain organic groups) or analogues thereof in which the peptide linkaje 
-CONR- fe replaced by -CSNR-, -S0 2 NR-, -00^ <S)0- or ^S0 2 0-. Aryl is phenyl, naphthyl or 
biphenyl substituted by one, two or three moieties selected from a specified group. Mc st 
typically these compounds are of the structure aryl -(CH2) ri -OONH-CHR 2 -BY 1 Y 2 # where f£ is tpr 
example a neutral side chain as described above and n is 0 or 1. 

Non-peptide boronates have been proposed as inhibitors of proteolytic enzymes in detergek 
compositions. WO 92/19707 and WO 95/12655 report that arylbononates can be used ;is 
inhibitors of proteolytic enzymes in detergent compositions- WO 92/19707 discloses compounds 
substituted mem to the boronate group by a hydrogen bonding group, especially acetamklo 
(-NHCOCH3), sufonamido (-NHSQ 2 CH 3 ) and alkylamino. WO 95/12655 teaches that o/ffip- 
substituted compounds are superior. 
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Boronate enzyme inhibitors have wide application, from detergents to bacterial ^sp&njfe :ibn J 
inhibitors to pharmaceuticals. In the pharmaceutical field, there is aEPPjg^gteJJl^^yre, 
describing boronate inhibitors of serine proteases, for example thromhin, faxtor Xa, kallflcr *in, 
elastase, plasmin as well as other serine proteases like prolyl endopeptidase and Tg AI Prates se. 
Thrombin is the last protease in the coagulation pathway and acts to hytiratyse four snail 
peptides form each molecule of fibrinogen, thus depmtecting its polymerisation sites. Oioe 
formed, the linear fibrin polymers may be cross-linked by factor XlUa, which Is itself actfvatec by 
thrombin. In addition, thrombin is a potent activator of platelets, upon which it acts at specific 
receptors. Thrombin also potentiates its own production by the activation of factors V and VH ; 



Other aminoboronate or peptidoboronate inhibitors or substrates of serine proteases fere 
described inr 
US 4935493 
EP 3416G1 
WO 94/25049 
WO 95/09859 
WO 96/12499 
WO 96/20689 

Lee S-L et al, Biochemistry 1977; 36, 13180-13186 
Domlnguez C et al, Bhorg, Med. Chem, Lett 1977; 7 { 79-84 
EP 471651 
WO 94/20526 
WO 95/20603 
WO97/05161 
US 4450105 
US 5106948 
US 5169841. 



Peptide boronic acid inhibitors of hepatic C virus protease are described in WO 01/02424. 

Boronic add and ester compounds have displayed promise as inhibitors of the proteasome, 
mutticatalytic protease responsible for the majority of intracellular protein turnover, CiechanoWr, 
€&!, 79: 13-21 (1994), teaches that , the proteasome is the proteolytic component of the 
ubiquitin-proteasome pathway, in which proteins are targeted for degradation by conjugation :o 
multiple molecules of ubiquftin. CFechanover also teaches that the ubiquitin-proteasome pathway 
plays a key role in a variety of important physiological processes. 



Adams al, US Patent No 5780454 (1998), US Patent No 6066730 (2000), US Patent 



6083903 (2000) and equivalent WO 96/13266, and US Patent No 6297217 (2001), hensty 



ISo 
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incorporated by reference in their entirety/ describe peptide boronic ester and acid compounds 
useful as proteasome inhibitors. The references also describe the use of boronic ester and £cid 
compounds to reduce the rate of muscle protein degradation to reduce the activity of NF-kB 
cell, to reduce the rate of degradation of p53 protein in a cell, to inhibit cyciin degradation 
5 cell, to inhibit the growth of a cancer cell, to inhibit antigen presentation in a cell, to inhibit NFj-scB 
dependent cell adhesion, and to Inhibit HIV replication. Brand et al, WO 98/35691, teaches 1 hat 
proteasome inhibitors, including boronic acid compounds, are useful for treating infaracts sud 1 
occur during stroke or myocardial infarction, Elliott et al, WO 99/15183, teaches that proteasqme 
inhibitors are useful for treating inflammatory and autoimmune diseases. 

10 

Unfortunately, organoboronic acids can be relatively difficult to obtain in analytically pure fbfm 
For example, Snyder et al, J. Am. Chem Soc. 80: 3611 (1958), teaches that arylboronic ^cid 
compounds readily form cyclic trimeric anhydrides under dehydrating conditions. Aso f 
alkylboronic acids and their boroxines are often air-sensitive. Korcek et al, J. Chem. £qc. Pectin 
15 Trans. 2 242 {1972), teaches that butylbgronic add is readily oxidized by air to generate I- 
butanol and boric acid. Further, it has been found that the boropeptide TRlSOc (discussed later 
in this application) .and certain derivatives thereof tend to suffer degradation, resulting in an 
undesirable impurity level when the compounds are stored under normal conditions* Thfise 
difficulties limit the pharmaceutical utility of boronic acid compounds, complicating ihe 
20 characterisation of pharmaceutical agents comprising boronic acid compounds end limiting their 
shelf life. 

WO 02/059131 claims boronic acid products which are described as stable. In particular, tNse 
products are certain boropeptides and/or boropeptidomimetics in which the boronic acid grojp 
25 has been derivatised with a sugar. The claimed sugar derivatives, which have hydrophobic 
amino acid side chains, are of the formula 




Ri O R 3 

wherein: 

P is hydrogen or an amino-graup protecting moiety; 
R is hydrogen or aikyl; 
30 A is 0,1 or 2; 

R 1 , R 2 and R3 are independently hydrogen, aikyl, cycloalkyl, aryl or -CH2-R 5 ; 
R 5 , in each instance, is one of aryl, aralkyl, alkaryl, cycloalkyl, heterocyclyl, heteroaryl r 
-W-R 6 , where W Is a chaicogen and R^ \ s 5 |kyl; 



or 
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where the ring portion of any .of said aryl, aralkyJ, alkaryl, cydoalkyl, hetenocydylj or 
heteroaryl in R 1 , R 2 , or^canJ>e r oj^ iqnaily substituted; and 

Z 1 and Z 2 together form a moiety derived from a sugar; wherein the atom attaches} to 
boron in each case is an oxygen atom, 

5 

Some of the claimed oompounds are sugar derivatives of the compound N-(2-pyrazine) carboi[)yi- 
phenylalanine-leucine boronic add (LDP-341), an anti-cancer agent 

Many drugs comprise an actfve moiety which is a carboxyfic acid. TTiere are a number! of 
10 differences between carboxylic acids and boronic acids, whose effects on drug delivery/ stability 
and transport Camongst others) have not been investigated. One feature of trivalent bo pn 
compounds is that the boron atom is $j? hybridised, which leaves an empty 2p x orbital on ;he 
boron atom. A molecule of the type BX 3 can therefore act as an electron-pair acceptor, or Levis 
acid. It can use the empty 2p r orbital to pick up a pair of nonbonding electrons from a Levis 
15 base to form a covalent bond. BF 3 therefore reacts with Lewis bases such as NH 3 to form acjid- 
base complexes in which all of the atoms have a filled shell of valence electrons. 

Boric acid, accordingly, can act a$ a Lewis acid f accepting OH'; 

B(OH) 3 + H2O h> B(OH) 4 - + H + 



20 



Further, boranic adds of the type RB(OH>2 are dibasic and have two pKa's. Another point 

distinction about boron compounds is the unusually short length of bonds to boron, for whjch 
three factors may be responsible: 
1. Formation of ptt- pre bonds; 
25 2. Ionic-covafent resonance; 

3. Reduced repulsions between non-bonding electrons- 



30 



As previously mentioned, boronic adds can form cyclic trimeric anhydrides known as boroxin|as 
and the occurrence of bonoxine is to be feared as it will potentially interfere with drug function. 

The presumed equilibria of boronic and carboxylic acids in aqueous KOH are shown bel<^w 
(excluding formation of RBO2 2 *): 



KOH+ KB<QH ***** H 2 0+ K * + ^T OHK+ KOH+ RB< 



of 



OH 
OH 
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Thrombosis 



0/91 



15 



the 
he 
to 



of 



Hemostasia is the normal physiological process in which bleeding from an injured blood vessel 
arrested. It is a dynamic and complex process in which proteolytic enzymes such as thrpnrbin 
play a key roie. Blood coagulation may occur through either of two cascades of zymogen 
activations, the extrinsic and intrinsic pathways of the coagulation cascade. Factor Vila in 
extrinsic pathway, and Factor IXa in the intrinsic pathway are important determinants of 
activation of factor X to factor Xa, which itself catalyzes the activation of prothrombin 
thrombin. The last protease in each pathway is thrombin, which acts to hydrolyze four small 
peptides (two FpA and two FpB) from each molecule of fibrinogen, thus deprotecting Its 
polymerization sites. Once formed, the linear fibrin polymers may be cross-linked by factor XE la, 
which is itself activated by thrombin. In addition, thrombin is a potent activator of platelets, 
upon which it acts at specific receptors. Thrombin activation of platelets leads to aggregatior 
the cells and secretion of additional factors that further accelerate the creation of a hemosbitfc 
plug. Thrombin aiso potentiates its own production by the activation of factors V and VIII (see 
Hemker and Begufn in; Jolles, et. aL, ^Biology and Pathology of Platelet Vessel Wall 
Interactions/ pp. 219-26 (1986), Crawford and Scrutton in: Bloom and Thomas, *Maemostisis 
and Thrombosis/ pp. 47-77, (1987), Bevers/et. at., Eur. 1 Blochem. 1982, 122, 429-36, Mann, 
Trends Biochem. Set. 1987, 12, 229-33). 

Proteases are enzymes which cleave proteins at Specific peptide bonds. Cuypers et al v J. Bfol, 
Ch&n. 257:7086 (1982), and the references cited therein, classify proteases on a mechanistic 
basis into five classes: serine, cysteinyl or thiol acid or aspartyl, threonine and metalloproteasas. 
Members of each class catalyse the hydrolysis of peptide bonds by a similar mechanism, heve 
similar active site amino acid residues and are susceptible to class-specific inhibitors, ficr 
example, all serine proteases that have been characterised have an active site serine residue. 



The coagulation proteases thrombin, factor Xa, factor Vila, and factor IXa are serine proteasjes 
having trypsin-like specificity far the cleavage of sequence-specific Arg-Xxx peptide bonds, 
with other serine proteases, the deavage event begins with an attack of the active site serine 
the scissile bond of the substrate, resulting in the formation of a tetrahedral intermediate, This 
followed by collapse of the tetrahedral intermediate to form an acyt enzyme and release of 
amino terminus of the cleaved sequence. Hydrolysis of the acyl enzyme then releases 
carboxy terminus. 



*5 
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As indicated above, platelets ptay two important roles in normal^hefhostaste. First, 
aggregating, they constitute the initial hemostatic plug which i^edia^curtails bleeding fjom 
broken blood vessels. Secondly, the platelet surface can becomeaetivated and potentiate bipod 
dotting, a property referred to as platelet procoagulant activity. This may be observed as 
5 increase in the rate of activation of prothrombin by factor Xa in the presence of factor va 
Ca 2+ , referred to as the prothrombinase reaction. Normally, there are few (if any) dotting 
factors on the surface of unstimulated platelets but, when platelets are activated, negatively 
charged phospholipids (phosphatidylserine and phospaodylinosftoi) that are normally on 
cytoplasmic side of the membrane become available and provide a surface on which two stepJ of 
10 the coagulation sequence occur. The phospholipid on the surface of activated plate: sts 
profoundly accelerates the reactions leading to the formation of thrombin, so that thrombin on 
be generated at a rate faster than its neutralisation by antithrombin m. The reactions that occur 
on the platelet surfaces are not easily inhibited by the natural anticoagulants in blood such as 
antithrombin HI, either with or without heparin. (See Kelton and Hirach In : Bloom and Thomas, 
"Haemostasis and Thrombosis," pp. 737-760, (1981); Mustard et al In : Bloom and Thomas, 
"Haemostesis and Thrombosis," pp. 503526, (1981); Goodwin et al; Bfochem. J. 1995, 3os, : .S- 
21). 



A thrombus can be considered as an abnormal product of a normal mechanism and can be 
defined as a mass or deposit formed from blood constituents on a surface of the cardiovascular 
system, for example of the heart or a blood vessel. Thrombosis can be regarded as the 
pathological condition wherein improper activity of the hemostatic mechanism results lin 
intravascular thrombus formation, Three basic types of thrombi are recognised: 

• the white thrombus which is usually seen in arteries and consists chiefly of platelets; 

• the red thrombus which Is found in veins and is composed predominantly of fibrin and nad 
cells; 

• the mixed thrombus which is composed of components of both white and red thrombi. 

The composition of thrombi is influenced by the velocity of blood flow at their sites of formation. 
In general white platelet-rich thrombi form In high flow systems, while red coagulation thronbi 
form in regions of stasis. The high shear rate in arteries prevents the accumulation of 
coagulation intermediates on the arterial side of the circulation: only platelets have the capacity 
to form thrombi binding to the area of damage via von Willebrand factor. Such thrombi 
composed only of platelets are not stable and disperse. If the stimulus is strong then the 
thrombi will torm again and then disperse continually until the stimulus has diminished. For the 
mrombus to stabilise, fibrin must form. In this respect, small amounts of thrombin csn 
accumulate within the platelet thrombus and activate factor Va and stimulate the platelet 
procoagulant activity. These two events lead to an overall Increase In toe rate of activation of 
prothrombin by factor Xa of 300,000 fold. Fibrin deposition stabilises the platelet thrombus. 
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Thrombin inhiU^^^^npt^diriicaDy effective at inhibiting stimulation of platelet procoagu ant 
activity. Accordingly, a therapeutic agent which inhibits platelet procoagulant activity would be 
useful for treating or preventing arterial thrombotic conditions 

5 On the venous side of circulation, the thrombus is comprised cf fibrin: thrombin can accumulate 
because of the slower flow on the venous side and platelets play only a minor role. 

Thrombosis is thus not considered to be a single indication but, rather, is a class of indications 
embracing distinct sub-classes for which differing therapeutic agents and/or protocols may be 

10 appropriate. Thus, regulatory authorities treat disorders such as, for example, deep vein 
thrombosis, cerebrovascular arterial thrombosis and pulmonary embolism as distinct indications 
for the purposes of licensing medicines. Two main sub-classes of thrombosis are artelal 
thrombosis and venous thrombosis. Arterial thrombosis includes such specific disorders as ac Jte 
coronary syndromes [for example acute myocardial infarction (heart attack, caused by 

15 thrombosis in a coronary artery)], cerebrovascular arterial thrombosis (stroke, caused by 
thrombosis in the cerebrovascular arterial system) and peripheral arterial thrombosis. Examples 
of conditions caused by venous thrombosis are deep vein thrombosis and pulmonary embolism 

The management of thrombosis commonly involves the use of thrombolytic agents in 
20 combination with anticoagulants and antiplatelet drugs (inhibitors of platelet aggregation) to ftse 
the newfy formed dot and to control future tbnombogenesrs. Anticoagulants are used also in the 
treatment of patients thought susceptible to thrombosis. 

Currently, two of the most effective classes of drugs in dlnicai use as anticoagulants are tie 
25 heparins and the vitamin K antagonists. The heparins are ill-defined mixtures of sulfat-d 
polysaccharides that bind to, and thus potentiate the action of antithrombin in. Antithrornbin II 
is a naturally occurring inhibitor of the activated clotting factors IXa, Xa, XIa, thrombin aid 
probably XEta (see Jaques, Pfn/maco/. Rev 1980, 31, pp. 99-166). The vitamin K antagonist, 
of which warfarin is the most well-known example, act indirectly by inhibiting the post-ribosort al 
30 carboxyiation$ of the vitamin K dependent coagulation factors II, YH, IX and X (see Hirsch, 
Semfn, Thrvmb. Hemo&tesis 1986, 12, l-ll). While effective therapies for the treatment of 
thrombosis, heparins and vitamin K antagonists have the unfortunate side effects of bleeding, 
heparin-induced thrombocytopenia (in the case of heparin) and marked interpatient variability, 
resulting in a small and unpredictable therapeutic safety margin. 



35 



The use of dined: acting inhibitors of thrombin and other serine protease enzymes of ttie 
coagulation system is expected to glieviate these problems. To that end, a wide variety of serine 
protease inhibitors have been tested, including boropepHdes, i.e. peptides containing a boronic 
acid analogue of an N-acyl-a-amino acid. Whilst direct acting boronic acid thrombin inhibitor 
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have been discussed earlier in this spedficatfon, they are further described in tfie following 
paragraph. 

Neutral PI Residue Boropeptide Thrombin Inhibitors 

5 

Claeson et al (US 5574014 and others) and Kakkar et al (WO 92/07869 and family members 



including US 5548338) disclose lipophilic thrombin inhibitors having a neutral (uncharged) 
terminal side chain, for example an alkoxyalkyl side chain. The aforementioned US patents 
Claeson et al and Kakkar et al (US 5574014 and US 5648338) are incorporated herein 
10 reference. 



The Claeson et al and Kakkar et al patent families disclose boronate esters containing the am no 
acid sequence D-Phe-Pro-BoroMpg [(R)-Phe-Pro-BoroMpg], which are highly specific inhibitors of 
thrombin. Of these compounds may be mentioned in particular Q>z-(R)-Phe-Pro-BoroM|>g- 
15 OPinacol (also known as TRISOb), The corresponding free boronic acid Is known as TRI50c. I=6r 
further information relating to TRISOb and related compounds, the reader is referred to tjhe 
following documents, all incorporated herein by reference: 

• Elgendy S et al., in The Design of Synthetic Inhibitors of Thrombin, Claeson G et al e{Js, 
Advances in Experimental Medicine, 1993, 340, pp, pp 173-178. 

20 • Claeson G et al, Biochem JL 1993, 290, 309-312 

• Tapparelli C et al, J Bio! Che/n, 1993, 268 z 4734-4741 

• Claeson G, in The Design of Synthetic Inhibitors of Thrombin, Claeson G et al E<jls r 
Advances in Experimental Medicine, 1993, 340, pp 83-91 

• Phillip et ai, in The Design of Synthetic Inhibitors of Thrombin, Claeson G et al E^s, 
25 Advances in Experimental Medicine, 1993, 340, pp 67-77 

• Tapparelfi C et al. Trends Pharmacol. SaC 1993, 14, 366-376 

• Claeson G, Blood Coagulation and fibrinolysis 1994, 5, 41 1-436 

• Elgendy et al, Tetrahedron 1994, 50, 3803-3812 

• Deadman J et al, J. Emyme Inhibition 1995, 9, 29-41. 
30 • Deadman J et al, J. Medicinal Chemistry 1995, 38 f 1511-1522. 

The tripeptide sequence of TRI50b has three chiral centres. The Phe residue is considered to he 
of R (= D) configuration and the Pro residue of natural S (= l) configuration, at least in 
compounds with commercially useful inhibitor actMty; the Mpg residue is believed to be of R ( 
35 L) configuration in isomers wfth commercially useful inhibitor activity. Thus, the most effective 
TRISOb stereoisomer is considered to be of RSR configuration and may be represented as: 



C- 
of 
by 
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{RSR)-TRI50b: Cbz-(R)-Phe^S)-Pro-(R>boroMpg Pinacol 

Whilst direct acting thrombin inhibitors have been found useful for the treatment of patfdnts 
susceptible to or suffering from venous thrombosis, the same is not true of arterial thrombosis. 
In the case of currently available thrombin inhibitors, It would be necessary to raise the dosnge 
5 used in the treatment of venous thrombosis by many times in order to treat (prevent) a rise rial 
thrombosis. Such raised dosages typically cause bleeding, which makes direct acting thrombin 
inhibitors unsuitable for treating arterial thrombosis. Heparin, which primarily acts as a throm 3"ih 
inhibitor, is al$o unsuitable to treat arterial thrombosis. It has been found that a class of 
compounds which is defined by Formula III below and represented by boropeptides having :he 
10 amino acid sequence (R)-Phe-Pro-BoroMpg is ban&fJdal in that the members of the class £re 
useful for treating arterial thrombosis by therapy or prophylaxis- 

Ora! Absorption 

15 Absorption In the gastro-intestind tract can be by an active or a passive route. Active absotpt oh 
by transport mechanisms tends to be variable between individuals and with intestinal gon&tnt 
(Gustaffson, 0 Triromb.Res., 2001, 101, 171-181), The upper intestine has been identified as the 
principal site of oral drug absorption, in particular, the duodenum i$ the customary target ste 
for absorption of orally administered drugs because of its large surface area. The intestinal 

20 mucosa acts as a barrier that controls passive transcellular absorption: the absorption of \o\\\c 
species is blocked whilst the transcellular absorption of lipophilic molecules is favoured (Palm K i 
a!,, J.Pharmacol and Exp. Therapeutics, 1999, 291,435-443). 

Orally administered drugs are required to be consistently and adequately absorbed. Variability of 
25 absorption between individuals or between different occasions in the same individual is 
unwelcome. Similarly, drugs which have a low level of bioavailability (only a small portion of tie 
administered active agent is absorbed) are generally unacceptable. 
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Non-ionised compounds are favoured for passive absorption, a route associated with Snvariabitty, 
and are therefore preferred for consistent absorption. Lipophilic species are particularly fevoi red 
by passive absorption mechanisms and, accordingly, non-ionic, lipophilic drugs are indicate^ to 
be most favoured for consistent and high oral absorption. 

5 

Many organoboronic acid compounds may be classified as lipophilic or hydrophobic. Typic^ fy, 
such compounds include amongst others; 

• boropeptides of which all or a majority of the amino acids are hydrophobic 
10 ■ bonopepb'des of which at least half of the amino adds are hydrophobic and which hav^ 

hydrophobic N-terminai substttuent 

♦ non-peptides based on hydrophobic moieties. 

Hydrophobic amino acids Include those whose side chain is hydrocarbyl, hydrocarbyl containing 
15 an in-ehain oxygen and/or linked to the remainder of the molecule by an in-chain oxygen or 
heteroaryl, or any of the aforesaid groups when Substituted by hydroxy, halogen or 
trifluoramethyl. Representative hydrophobic side chains include alkyl, alkoxyalkyl, either of :he 
aforesaid when substituted by at least one aryl or hetenoiaryl, aryl, heteroaryl, aryl substituted by 
at least one alkyl and heteroaryl substituted by at least one alkyl. Praline and other imino acids 
20 which are ring-substituted by nothing or by one of the moieties fisted in the previous sentence 
are also hydrophobic 

Some hydrophobic side chains contain from 1 to 20 carbon atoms, e.g. non-cyclic moieties hav ng 
1, 2, 3 or 4 carbon atoms, Side chains comprising a cyclic group typically but not necessa -fly 



25 contain from 5 to 13 ring members and in many cases are phenyl or alkyl substituted by one 
two phenyls. 



30 



Hydrophobic non-peptides are typically based on moieties which may form a side chain of 
hydrophobic amino acid, as described above. 

Hydrophobic compounds may contain, for example, one amino group and/or one acid group (e 
-COOH, -B(OH>2). Generally, they do not contain multiple polar groups of any one type. 

One dass of hydrophobic organoboronic acids have a partition coefficient between 1-n-octaAol 



35 and water expressed as log P of greater than 1 at physiological pH and 25°C. For examp 
TRISOc has a partition coefficient of approximately 2. 



A sub-dass of hydrophobic organoboronic adds (which sub-class includes both TRISOc apd 
LDP341) is of the formula (I): 



or 
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.^^^.^N^CH-NRZ-CH-B^ (1) 



25 



R 5 



where: 



OH 



R 1 is H or a neutral side group; 

5 R 2 Is H or C1-C13 hydrocarbyl optionally containing In-diafn oxygen or sulfur and optionally 
substituted by a substituent selected from halo, hydroxy and trffluoromethyl; 

or R 1 and R 2 together term a Ci-Cjj moiety which in combination with N-CH forms d 4- 
6 membered ring and which is selected from alkylene (whether branched or linear) 4nd 
10 alkyte ne containing an in-chain sulfur or linked to N-CH through a sulfur; 



r3 is the same as or different from R 1 provided that no more than one of R 1 and R 2 is H, am 
H or a neutral side group; 



is 



15 R 4 is H or C!-C 13 hydrocarbyl optionally containing in-chaln oxygen or sulfur and optionally 
substituted by a substituent selected from halo, hydroxy and trifluoromethyl; 

or R 3 and R 4 together form a CyC^ moiety which in combination with N-CH forms a 4- 
6 membered ring and which is selected from alkylene (whether branched or linear) afid 
20 alkylene containing an in-chain sulfur or linked to N-CH through a sulfur; and 

R 5 is X-E- wherein E is nothing or a hydrophobic moiety selected from the group consisting of 
amino acids (natural or unnatural) and peptides of two or more amino acids (natural |or 
unnatural) of which more than half are hydrophobic and X is H or an amino-pnotecting group. 



A more preferred sub-set of hydrophobic compounds, which includes TRISOc, comprises peptide 
boronic acids of formula (1H): 

X-aa 1 -aa2-NH-CH-BT (III) 
| OH 
R 1 

where: 
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X is H (to form NH2) or an amjno-protecting group; 



aa 1 is Phe, Dpa or a wholly or partially hydrogenated analogue thereof; 

5 aa 2 - is an imino add having from 4 to 6 ring members; and 

Rl is a group of the formula -(CH2WW, where m is 2, 3 or 4 and W is -OH, -OMe, -OB 
halogen (F, a, Br or I), 



10 Typical functionalities required for Interaction of drugs with their physiological targets bne 
functional groups such as carboxylic and sulphonic acids. These groups exist as the protonabed 
form in the stomach (at pH 2-3), but will be ionised to some extent at the higher pM of lie 
intestinal fluid- One strategy that has been used to avoid the ionisation of the carboxylates or 
sufphonates is to present them as ester forms, which are cleaved onoe absorbed into the vase*} ar 

15 lumen. 

For example, the direct acting thrombin inhibitor Melagatran, which has suthoptiihal 
gastrointestinal absorption, has terminal carboxy and amrdino groups and is a pure zwitterion at 
pH 9-10 when the carboxyiie acid and amidino groups are both charged. A prodrug H 376/95 

20 was therefore developed whJch has protecting groups for the carboxyiic acid and for the amid ne 
and is a more lipophilic molecule than Melagatran. The prodrug has a permeability coefficient 
□cross cultured epithelial Caco-2 cells 80 times higher than that of Melagatran and era! 
bioavailability 2.7-5.5 times higher than that of Melagatran as well as much smaller variability in 
the area under the drug plasma concentration vs. time curve (Gustafeson et al, Thrombosis 

25 Research 101 : 171-181 (2001)). 

Oral Absorption of Bompeptfdes, Boropeptidomimetscs and other Qrganoboronates 



The boronate estoer group of TRI50b is rapidly cleaved in the conditions of the plasma to form 
30 corresponding boronic add group, which is considered to be the active moiety which inhibits 
catalytic site of thrombin, 



or 



tie 
tie 



Boronic adds are divalent functional groups, with boron-oxygen bond lengths (1.6A) more typical 
of single bonds, unlike superficially comparable C-O and S-O bonds In carboxyiic and sulphor ic 
35 adds. Consequently the boronic acid group has two ionisation potentials. The boronic acid group 
will be partly ionised at pH's of the duodenal fluid and not suited to the desired passive duodenal 
uptake. Thus, a changed boronate inhibitor H-D-PheProBoroArg is absorbed by a predominancy 
active transport mechanism (Saitoh, H. and Aungst, BJ., Pharrn. Res., 1999, 16, 1786-1789). 
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The peptide boronic add formed by such cleavage of TRISOb is relatively insoluble in w< 



especially at acidic or neutral pH, and tends to be poorly absorbed in the stomach 
duodenum. The acid has the structure Cbz-Phe-Pro-BoroMpg-OH. 




and 



Whereas the peptide bpronic acid Cb2-Phe-Pro-BoroMpg-OH is partly ionised under duodenal 
conditions and, to that extent, unfavoured for passive transport, esters of the acid are designed 
for a high rate of passive (thus consistent) transport, The tripeptide sequence Phe-Pro-Mpg 
belongs to an unusual class of serine protease Inhibitory peptide sequences in having a non-basic 
1Q PI side chain (specifically, methoxypropyl), such that the tripeptide consists of three non-p^lar 
amino acids. The esters of the peptide boronic add are non-ionisable and the ester-fomjing 
species further impart lipophilic properties, $o encouraging a high rate of passive transport 

Computational techniques have confirmed that TRISOb and other diol esters of Cbz-Phe-Prg- 
15 BoroMpg-OH can be predicted to have good bioavailability, Thus, polar surface area (PSAd) s a 
parameter predictive of bioavailability and PSAd value$ of greater than 60A correlate well vrith 
passive transcellular transport and with bioavailability of known drugs (Kelder, J. Pharm. Riss., 
1999, 16, 1514-1519). Measurements for dlof esters of the above peptide boronic acid, indue ing 
the pinacol ester TRISOb, show that the diol esters have PSAd values well above GOA, predictive 
20 of passive transport and good bioavailability as shown in Table i: 

Table 1: PSAd values of selected diol esters of Cbz-Phe-Pro-BoroMpg-OH 



DiOl 


PSAd Value 


Pinacol 


98.74 


Pinanediol 


90.54 



The corresponding rnonohydroxy alcohol (e.g, alkoxy) esters were considered too unstatle, 
25 spontaneously cleaving to liberate the acid Jn~wtnx Esters of diofs such as pinanediol and pina:oI 
have enhanced kinetic stability over esters of mgnohydroxy alcohols, in that after paHial 
hydrolysis to the mono-ester derivative they will tend to raassociate by a facile intra-molecifar 
reaction. 

30 To counterbalance these highly desirable features of TRISOb, it has been discovered that TRlsbb 
tends to hydrolyse in add media. Thus in the acid conditions of an HPLC assay, TRISOb is 
converted to the acid form with a short half life, which implies potential intraduodenal hydrolytfs 
Into ionic species which would resist passrve transport and, if anything, be absorbed by acti/e 
transport, indicative at best of variable bioavailability. 

35 
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The instebflity of TRISOb to hydrolysis also presents potential disadvantages in preparation of the 
compound and it$ formulation, as well as in the storage of pharmaceutical formulatons 
containing it 

A more challenging difficulty which has been posed by TRKOb is that the data show signiftbnt 
variation in bioavailability between subjects, such variability can make a drug candidate 
unacceptable and it would therefore be desirable to reduce the observed variability. 

An idaal solution to the instability of TRISOb would be development of a diol ester more stabl4 to 
hydrolysis. In this regard, ft is known that ring size can affect boronate stability and glycoato 
boron has been shown to have enhanced aqueous stability compared to pinacol (D.S.Matteson, 
Stereodirected Synthesis with Organoboranes, Springer-Verlag, 1995, ch.l). Similarly, 
pinanediol ester is more stable than the pinacol; this is believed to be because the pinanetiiol 
group is highly sterically hindered and disfavours nucteophilic attack on the boron. In 1$ct 
transesteiifieation from pinacol to pinanediol has been reported (Brosz, CS r Tet Assym, 1997, 
1435-1440) whereas the reverse process is unfavourable. The pinanediol ester howevei 
considered too slow/bo cleave In plasma and there remains a need to provide an improved 
ester. 



Another solution to the Instability of TRISOb would be to administer in its place TRISDc. 
However, TRI50c data suggest that TRISOc too suffers from variability in bioavailability. Ihe 
reasons for such apparent variability of TRISOb and TRISOc are not known and it has ttierefipre 
not been possible to propose a rational solution to the problem. 



25 The properties described above will be shared by similar hydrophobic, non-basic boropeptides. 



The present invention is predicated on the finding that certain organobpronic add produrts 

of 



8, 
is 
iJtol 



provide unexpectedly favourable bioavailability. The products are further indicated to be 
enhanced stability. 



The benefits of the present invention include a solution to the problem of boronate diol ester aid 
especially TRISOb instability and variability, that is to say the products of the invention provi je 
compounds which are more stable than TRISOb arid other comparable esters and which haj/e 
tower variability in bioavailability. 

BRIEF SUMMARY OF THE INVENTION 

In one aspect *e invention provides a salt of a pharmaceutical^ acceptable multivalent Cat leslst 
divalent) metal and an organoboronic acid drug. Such salts are not only contrary to the direction 
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of the prior art but additionally have unexpectedly high and consistent oral bioavailability not 
susceptible of explanation on the basis of known mechanisms. 

The invention includes a class of salts in which the drug has no charged group at physiological pH 
other than its boranate [boronic acid) moiety, 

In preferred embodiments the organoboronic acid is hydrophobic. Preferred onganoborunic aifds 



have a partition coefficient between 1-n-octanol and water expressed as log P of greater than 
at physiological pH and 25°C. 



One preferred class of salts comprises those wherein the organoboronic acid comprises; a 



1-0 



as 



boropeptide or boropeptidomimetic, Boropeptide drugs which may beneficially be prepared 
salts of the invention include without limitation those of the formula X-(aa) n -B(OH)2, where X is 
H or an ammo-protecting group, n is 2, 3 br 4, (especially 2 or 3) and each aa is independently a 
1 5 hydrophobic ammo acid, whether natural or unnatural. 

In a sub-class of the salts of boropeptides/boropeptidomimetics, the organoboronic acid is of \he 
formula (I): 

RV .oh 

J>^CH-NR2-CH-B ^ (|) 
R 5 | | OH 

20 where: 

Rl is H or a neutral side group; 

r2 is H or C1-C13 hydrocarbyl optionally containing in-chain oxygen or sulfur and options 
25 substituted by a substftuent selected from hafo, hydroxy and trifluonomethyl; 

or r! and R 2 together form a C r Ci3 moiety which in combination with N-CH forms a 

6 membered ring and which is selected from alkylene (whether branched or linear) a 
alkytene containing an in-chain sulfur or linked to N-CH through a sulfur; 



R 3 ;s the same as or dfflferent from R 1 provided that no more than one of R 1 and R 2 Is H, and 
H or a neutral side group; 



4- 
hd 



is 
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R 4 is H or C1-C13 hydrocarbyl optionally containing in-chain oxygerHir sulfur and optiorally 
substituted by a substituent selected from halo, hydroxy and trffluoromethyl; 

or R 3 and R 4 together form a C1-C13 rhoiety which in combination vwth N-CH forms 1 4- 
5 6 membered ring and which is selected from alkylene (whether branched or linear) pnd 

arkylene containing an in-chain sulfur or finked to N-CH through a sulfur; and 



R 5 is X-E*- wherein E is nothing or a hydrophobic moiety selected from the group consisting 
amino acids (natural or unnatural) and peptides of two or more amino adds (natural 
1 0 unnatural) of which more than half are hydrophobic and X is H or an amtno-protecting group 



The present Invention includes pharmaceutical^ acceptable multivalent metal salts of a peptide 
boronic acid of formula (III): 

.OH 

X-aa^aaZ-NH-CH-B. (HI) 
I OH 
R 1 

15 where: 

X is H (to form NH2) or an arnlno-protecting group; 

aa 1 is Phe, Dpa or a wholly or partially hydrogenated analogue thereof; 
aa 2, is an imino actd having from 4 to 6 ring members; and 



20 



25 



Rl is a group of the formula -(CHzJm-W, where m is 2, 3 or 4 and W is -OH, -OMe, -OEt 
halogen (F, CI, Br or I). 



The boronic add$ of formula CHI) inhibit thrombin- They exhibit antf-thrombotic activity in bcth 
venous and arterial contexts, and are considered to inhibit platelet pro-coagulant activity. Tie 
most preferred boronic add of formula (HI) is TRISOg. 

30 The Examples of this patient application contain data showing that the calcium salt of TRlSOc is 
markedly less solubte than the potassium salt and yet has higher oral bioavailability and higher 
consistency of oral bioavailability. The finding of an Inverse relationship between solubifity and 
bioavailability of two salts Is particularly unpredictable. Tliere is no known property of 
organoboronic acid drugs which accounts for this finding. The invention therefore includes 



of 

or 



or 
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amongst other subject matter, a TRT50c derivative which, enhances stability as compared with 
TRlSOb and reduces the variability in absorption which has been observed with TRlSOb and 
TRISOc, and advantageously enables adequately consistent and high bioavailability. 

5 The family pf compounds represented by formula (Hi) represents near neighbours of TRI50& 



TRI50c is distinguished from most other organic acid drugs in that the acid group of TRISOc s a 
boronic acid and not a carboxylic acid, The data in this application are indicative of multivalent 
metal salts of organoboronig add drugs providing a technical effect not linked to solubility, wf ich 
enhances the amount and consistency of bioavailability. It does not follow that, because the 
effect is not linked to solubility, there will in every individual case be for that acid a quantitative 
relationship between solubility and bioavailability like that observed for TRISOc. 



There is a debate in the literature as to whether boronatss in aqueous solution form the trigoJiar 
E5(OH)2 or^etrahedral' BCOH)3" boron species, but NMR evidence seems to indicate that at a pH 
below the first pKa of the boronic acid the main boron species is the neutral B(OH) 2 . In {he 
duodenum the pH is likely to be between 6 and 7, so the trigonal species is likely to be 
predominant here. In any event, the symbol -B(OH)2 includes tetrahedral as well as trigcnal 
boron species. 

The invention includes also oral formulations of the salts of the invention, 



According to a further aspect of the present invention, there is provided a method of treatment 
of a condition where anti-thrombotic activity is required which method comprises oral 
25 : administration of a therapeutically effective amount of a multivalent metal salt of a boronic afld 
of formula m to a person suffering from, or at risk of suffering from, such a aonditron. 



The salts of the invention include products obtainable by (have the characteristics of a product 
obtained by) reaction of the boronic acid with a base of a multivalent metal and the term "salt" 
herein is to be understood accordingly, The term *salt" in relation to the products of tie 
invention, therefore, does not necessarily imply that the products contain discrete cations and 
anions and is to be understood as embracing products which are obtainable using a reaction of a 
boronic acid and a base- The invention embraces products which, to a greater or lesser extent, 
are in the form of a coordination compound. The invention thus provides also products 
obtainable by (having the characteristics of a product obtained by) reaction of an organoboror ic 
acid drug with a multivalent metal base a well as the therapeutic, including prophylactic, use 
such products. 
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The invention- is. not limited as to the method of preparation of the salts, provided that ^hey 
contain a multivalent metal and a pharmaceutical^ useful organoboronate species* It is 



not 
the 
an 



required that the salts be prepared by reaction of a base of the multivalent metal and 
organoboronic acid drug. Further, the invention includes salts indirectly prepared by such 
add/base reaction a$ well as salts obtainable by (having the characteristics of a products 
obtained by) such indirect preparation. As examples of indirect preparation may be menttoied 
processes in which, after initial recovery of the salt, it is purified and/or treated to modify its 
physicochemical properties, for example to modify solid form (e.g. crystal form) or hydrate fcjrm, 
or both. 

The salts may be in isolated form. The salts may have a purity of at least 90%, e.g. of greiter 
than or equal to 95%, for example purities of up to 99.5%, In the case of pharmaceutical 
formulations, such salt forms may be combined with pharmaceutical^ acceptable diluejits, 
exciplents or carriers. 

The invention includes a method for preparing the salts from the corresponding boronlc add as 
an intermediate, as well as the intermediate botanic acid of Formula in and a method for 
preparing it 



20 Further aspects and embodiments of the invention are set forth in the following description <md 
daims. 

Throughout the description and daims of this specification, the word$ ^comprise" and "condn' 
and variations of the words, for example "'comprising*' and "comprises", mean ^including but iiot 
25 limited to", and are pot intended to (and do not) exclude other moieties, addrtives, componer ts, 
integers or steps, 

DETAILED DESCRIPTION OF THE INVENTION 
30 Glossary 

The following terms and abbreviations ere used in this specification: 

a-Aminoborqriic acid or Boro(aa) refers to an amino acid in which the C02 group has bean 
35 replaced by BO2 

The term *amino-group protecting moiety" refers to any gmup used to derivatise an amijio 
group, espto'ally an N-terminal amino group of a peptide or amino add, Such groups Induce, 
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without limitation/ afkyl/ acyl, alkoxycarbonyl, aminocarbonyl, and sulfonyl moieties. Howe/er, 
the term "amino-group protecting moiety" is not intended to be limited to those particular 
protecting groups that are commonly employed in organic synthesis, nor Is it intended tc be 
limited to groups that are readily deavable. 

5 

The phrase ^pharmaceuticatly acceptable" is employed herein to refer to those compounds, 
materials, compositions, and/or dosage forms which are, within the scope of sound mec ical 
judgment, suitable for use in contact with the tissues of human beings or animals wjtfout 
excessive toxicity, irritation, allergic response, or other problem or complication, commensurate 
10 W ith a reasonable benefit/risk ratio. 

The term "heteroaryT refers to a ring system which has at least one (e,g. 1, 2 or 3) in-ting 
heteroatoms and has a conjugated in-ring double bond system. The term ^heteroatom" inclupes 
oxygen, sulfur and nitrogen, of which sulfur is sometimes less preferred. 

15 

•"Natural amino acid" means an L-amino acid (or residue thereof) selected from the following 
group of neutral (hydrophobic or polar), po$iu've!y charged and negatively charged amino acid^: 

Hydrophobic amino acids 
20 A = Ala - alanine 

V = Vai - valine 
I = lie = isoleucine 
L - Leu = leucine 
M = Met - methionine 

25 F = Phe =* phenylalanine 

P = Pro = proline 
W - Trp = tryptophan 

Polar ( neutral or uncharged^ amino adds 
30 N = Asn = asparagine 

C i= Cys = cysteine 

Q = Gin = glutamine 

G = Gly - glycine 

S = Ser = serine 

35 T = Thr - threonine 

Y = Tyr tyrosine 



positively rharoed f basiAamfno acids 
R = Arg « arginine 
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K = His — histidine 
K = Lys = lysine 

Negatively charged amino ag ijg 
5 D ~ Asp = aspartic acid 

E — Glu = glutamic add, 
Cbz - benzyloxycarbonyl 

Cha- cydohexylalanine (a hydrophobic unnatural amino add) 

10 Charged - carrying a change at physiological pH, as in the case of an amino, amidino or cartoxy 
group 

Dcha - dicydohexylalanine (a hydrophobic unnatural amino acid) 
Dpa - drphenyialanine (a hydrophobic unnatural amino add) 

Drug - a pharmaceutical^ useful substance, whether the active in vivo principle or a prodrug 
1 5 Mpg - 3-methoxypropyIglycyl (a hydrophobic unnatural amino acid) 
Multivalent - valency of at least two, for example two or three 
Pinac = Plnacol - 2 / 3-dlmethyl-2 / 3-butanediol 

(+)-Pinanedtal boronate - la,7,7-trimethyI-[laS-{laa, 4a, 6a, 5aa»4^ me thano-; ,2- 
benzodioxaborole 
20 pNA - p-mtroanilide 
Pip - pjpecolinic add 
THF - tetrahydrofuran 
Thr- thrombin 

25 The Compounds 

The products of the Invention comprise a salt of a pharmaceutical ly acceptable multivalent (at 
least divalent) metal and an organoboron ic add drug (where the term ^drug" embraces 
prodrugs). As previously stated, the term "salt" refers to a product containing a multivalent 
30 metal and an organoboronate species, for example a product having the characteristics cf a 
product of a reaction between such an add and a base comprising a multivalent metal i for 
example a +2 ion); in particular, such characteristics comprise the identity of the multivalant 
metal and of the drug species. 

35 The acid may for example be any boronie acid mentioned under the heading ^BACKGROUND OF 
THE INVEIsmON" or in any document referred to under that heading, e,g. TRISOc or LDP-341. 

In preferred embodiments the organoboronic acid is hydrophobic. 
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One preferred dass of salts comprises those wherein the organoboronic acid comprise!; 
boropeptide or boropeptidomimetic. For example in a sub-class of these salts the onganobort nic 
acid is of the formula (I); 

RV .OH 

^N-CH-NR 2 -CH-B ^ (I) 

R 5 1 J 



25 



"OH 



R3 



R 1 



where: 



R 1 is H or a non-charged side group; 

R 2 is H or Ci-Ci3 hydrocarbyt optionally containing in-chain oxygen or sulfur and option! illy 
10 substituted by □ substituent selected from halo, hydroxy and trifluoromethyl; 

or R 1 and R 2 together form a C^-C^ moiety which In combination with l\hCH forms a 
6 membered ring and which is selected from alkylene (whether branched or linear) e nd 
alkytene containing an in-chain sulfur or linked to N-CH through a sulfur; 

15 

R 3 is the same as or different from R 1 provided that no more than one of R 1 and R 2 is H, anc is 
H or a nom-charged side group; 

R 4 is H or Ci~Ci3 hydnocarbyl optionally containing in-chain oxygen or sulfur and optionally 
20 substituted by a subsBtuent selected from halo, hydroxy and trifluoromethyl; 

or R 3 and R 4 together form a C4-C13 moiety which in combination with N-CH forms a 
6 membered ring and which \$ selected from alkyfene (whether branched or linear) and 
alkylene containing an in-chain sulfur or linked to N-CH through a sulfur; and 



r5 is X-E- wherein E is nothing or a hydrophobic moiety selected from the group consisting 
amino acids (natural or unnatural) and peptides of two or more amino acids (natural 
unnatural) of which more than half are hydrophobic and X is H or an amino-protecting group. 

30 Preferably R 1 is non polar. 
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23 

Preferably hydrocarbyl Is selected from the group consisting of atkyl; alkyt substituted by 
cydoalkyl* aryl or heterocydyl; cydoalkyl; aryl; and heterocydyl Heterocydyi is preferably 
heteroaryL 

5 A preferred dass of compounds have R 2 as K. 

Preferably,, R 4 is H or R3 and R.4 together form a said Gt-Ci3 moiety. 

In one dass of compounds E is nothing. 
In another class, E is a hydrophobic amino acid. 

One preferred class of salts comprises those in which the organoboronic acid is of the formula 
(II); 

.OH 

R7-aa*-NH-CH-B' (II) 
! OH 
R a 

15 wherein 

R 7 is X-E 1 - wherein X is hydrogen or an ammo-protecting group and E is absent or i£ a 
hydrophobic amino acid; 



20 R 8 is an optionally substituted moiety containing from 1 to 4 carbon atoms selected from 
group consisting of alkyl, alkoxy and alkoxyalkyl, the optional substituents being hydroxy 
preferably, halogen (F, CI, Br, I); and 



25 



aa 2 fe a hydrophobic amino acid, 

R 7 is preferably X-, or X-Phe or X-Dpa. 

RS is preferably not substituted. r8 is preferably a C4 group, e.g. alkyl or alkoxyalkyl, such a<s 
methylpropyf or 3-methoxypropyl, for example. 



30 



The hydrophobic amino adds may for example have a side chain which is hydrocarbyl 
heteroaryl, or which indudes both hydrocarbyl and heteroaryl residues. The hydrocarbyl residues 
optionally contain in-chain oxygen; they may be substituted by, for eocample, halogen or hydraxy 



[the 
or, 



2- 



or 
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. (but usually not more than one.hydrc^y groupy Alternatively, hydrophobic amino acids may| be 
proline or another trnino acid, 

aa 2 is preferably a natural hydroph bic amino acid, e.g. Pro or Phe. 

Preferably X is R 6 -CCH 2 ) p -qo)-, R 6 -CCH 2 )p-S(0) 2 -, R 6 <CH 2 ) p -NH-C(Q)- or R 6 -(CH 2 ) p -G-C( :>) 

wherein p is 0, I, 2, 3, 4, 5 or 6 (of which 0 and 1 are preferred) and R$ is H or a 5 to 13- 
membered cyclic group optionally substituted by 1, 2 or 3 substituents selected from halogen, 
amino, nitre, hydroxy, a C5-C5 cyclic group, C1-C4 alkyl and C1-C4 alkyl containing, and/or linked 
to the S to 13-membered cyclic group through, an in-chain O, the aforesaid alkyl groups 
optionally being substituted by a suhstftuent selected from halogen, amino, nitro, hydroxy and a 
C5-C6 cyclic group* More preferably X is R 6 <CH 2 )p-C(0)- or R 6 -(CH 2 ) p -0-C(0)- and p is 0 or 1. 
Said 5 tQ 13-membered cyclic group is often aromatic or heteroaromatic, for example is a 6- 
rnembered aromatic or heteroaromatic group. In many cases, the group is not substituted. 

Exempfary X groups are (2-pyrazlne) carbonyl, (2-pyrazine) sulfonyl and benzyloxycarbonyl. 

In a preferred class of boronic acids, which are anti-thrpmbotic and include TRlsOc, the peptide 
boronic acid is of formula (III): 



OH 



X-aa^aa^-NH-CH-B^ 



(III) 



R9 



X is a moiety bonded to the N-terminal amino group and may be H to form NH 2 . The identity 

X fs not critical to the invention but may be a preferred X moiety described above. As a preferred 
example there may be mentioned benzyloxycarbonyl. 



aa 1 is Phe, Dpa or a wholly or partially hydrogenated analogue thereof. The who 
hydrogenated analogues are Cha and D-Dcha. 



A preferred dass of products comprises those in which aa 2 (s a residue of an imino acid 
formula (IV) 



(rv), 



of 



[0065497 04-AFbr 



4. APR. 2003 17:25 HARRISON GODDARD FOO 

P41074SB1.4 (as fled) - Multivalent metal sails I 



NO. 863 P. 29/91 



c 



25 



.11 



10 



15 



20 



25 



H,C 



I 

H 



'CH^COOH 



where R 11 is -CH2-, CH2-CH2V -SOI2- or H2H2-CH2~CH2-, which group when the ring is 5 01 
membered is optionally substituted at one or more -CH2- groups by from l to 3 Ci<% alky* 

groups, for example to form the R 11 group -S<(CH 3 )2-. Of these imino acids, azetidine-2- 
carboxyifc add, especially (s)^zetidtne-2-QrboxylIc acid, and more particularly proline |re 
preferred. 

It will be appreciated from the above that a very preferred class of products consists of those In 

which aa^aa 2 is Phe-Pro. In another preferred class, aa^-aa 2 is Dpa-Pro. In other products, 

aa^-aa 2 is Cha-Pro or Deha-Pro, Of course, the invention includes corresponding product classes 
in which Pro is replaced by (s)-«zetldine-2-carboxylic acid. 

R 9 is a group of the formula -<CH2) m _w - Integer m is 2, 3 or 4 and W is -OH,, HDMe, -OEt or 
halogen (F, CI, I or, preferably, Br). The most preferred W groups are -OMe and -Oft 
especially -OMe. It is preferred that m Is 3 for all W groups and, indeed, for all formula (II) 

compounds, Particularly preferred R 9 groups are 2-bromoethyl, 2-chloroethyl, 2-methoxyethyl, 
4-bromobuty), 4-chlorobutyl, 4-methoxybutyl and, especially, 3-bromopropyl, 3 -chloro propyl and 

3-methoxypropyl. Most preferably, R$ is 3-methoxypropyf. 2-Ethoxyethyl is another preferred fc 9 
group. 

Accordingly, a very preferred cfass of salts consists of those of adds of the formula X-Phe-Pr > 
Mpg-B(OH)2, especially Cbz-Phe-Pro-Mpg-B(OH)2> also preferred are analogues of thee 

compounds in which Mpg is replaced by a residue with another of the particularly preferred F . 9 
groups and/or Phe is replaced by Dpa or another aa 1 residue. 

The aa* moiety of the sate of the formula (III) adds is preferably of R configuration (re- 
configuration). The aa 2 moiety is preferably of S configuration (L-configuratfon). Parbculary 
preferred salts have aa 1 of R configuration and aa 2 of 5 configuration. The chiral centre -Nl- 
CH(R 9 )-B- is preferably of R configuration. It is considered that commerdal formulations w, 
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have the chiral centres in RSR arrangement, as for example in the case of salls-of cbz-Phe-pny" 
BoroMpg-OH: 






OMe 

Cbz-(R)-Phe-(S)-Pro-(R>boroMpg-OH 

The salts of the invention correspond to reaction products of an organoboronic add as described 
5 above with a base of a multivalent metal, i.e. a metal having a valency of two or mon*, l|he 
metal is preferably: 

1. a Group II metal (alkaline earth metal); 
10 2. another pharmaceutical!/ acceptable divalent metal, e.g. sine; 
3. a Group HI metal. 

One especially preferred class of salts comprises divalent metal salts. A particularly preferred 
15 class of salts comprises the calcium salts. Another particularly preferred class of salts comprlsas 
the magnesium salts, A further class of salts comprises the zinc salts* 

Preferred salts are of the monovalent boronate though in practice the monovalent salts rraiy 
contain a very small proportion of the divalent boronate. The term "monovalent boronate" refers 
20 to trigonal -B(OH) 2 gmups in which one of the B-OH groups is deprotonated as well as 
corresponding tetrahedral groups in equilibrium therewith, 



The invention includes therefore products (compositions of matter) which oomprise salts whi<[h 
may be represented by formula (V): 
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X- aaiaa^NH-CH-B^ 

| OH 



M"* (V) 



— ' n 



where M n+ is a divalent or trrvalent metal cation/ aa 2 ' is a residue of an fmino add of formula |IV/ 
n is 2 or 3 as the case may be, and aa*, X and R 9 are as defined above. As previously indicated, 
the bononate may comprise a tefcrahedra! species* 

5 

Considering the metals in turn: 

1. Divalent, e.g. alkaline earth metaf rGrouo n metal) salts 

10 A preferred divalent metal is calcium. Another suitable divalent metal is magnesium. A so 
contemplated is zinc. The divalent metals are usually used in a boronic aeidimetal ratio of 
substantial V 2:1, in order to achieve the preferred monovalent boronate moiety. Sate oontaini ig 
mixtures of divalent metals, e.g. mixtures of alkaline earth metals, are contemplated by qie 
invention but less preferred. 



The invention includes products (compositions of matter) which comprise salts which may 
represented by the formula (VI): 



X-aaiaa^NH-CH-B. 

I OH 



(VI) 



where M 2_f " is a divalent metal cation, e.g. an alkaline earth metal or zinc cation, and aa 1 , aa 2 ', 

and R 9 are as defined above, as well as sales in which both hydroxy groups of the boronal e 

group are deprotonated (preferably with another identical M 2+ ion) and mixtures of such $a 1 
As previously Indicated, the boronate may comprise a fcetrahedrai species. 

2. Group III mefcals 



Suitable Group m metals include aluminium and gallium. Salts containing mixtures of Group 
metals are contemplated by the invention but Jess preferred. 



3e 



III 
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The invention includes products comprising salts of the formula (VII): 



X- aaiaa^NH-CH-B^ 



R 3 



OH 



M 34 



(VII) 



-I s 



where M 3+ is a Group HI metal Ion and aa 1 , aa 2 ', X and R 9 are a$ defined above/ as well e s 
salts in which both hydroxy groups of the boronats group are in saft form (preferably wK 
5 another Identical M 3 + group) and mixtures of such salts- As previously indicated, the boronate 
may comprise a tetrahedral species. 

All the salts of the invention in solid form may contain a solvent, e.g. water. 

1 0 Use of the Products of the Invention 

The sate of the invention are useful for formulations, especially for oral formulations, fcj>r 
administering the drug part of the salt. Typically, they are useful as protease inhibitors, 

15 The Salts of the Boronic Adds of Formula ni 



The satts of the boronic acids of formula m are potent thrombin inhibitors. They are therefore 
useful for inhibiting thrombin. The invention therefore provides compounds which have potential 
for controlling haemostasis and especially for inhibiting coagulation/ for example preventing 
secondary events after myocardial infarction. The medical use of the compounds may te 
prophylactic (including to prevent occurrence of thrombosis) as well as therapeutic (including to 
prevent re-occurrence of thrombosis or secondary thrombotic events). 



Those salts may be employed when an antKhrombogenic agent is needed. They are this 
indicated in the treatment or prophylaxis of thrombosis and hypercoagulability in blood anjd 
tissues of animals including man. 

It is known that hypercoagulability may lead to thrombo-embolic diseases. Conditions associated 
with hypercoagulability and thrombo-embolic diseases which may be mentioned indude activated 
protein C resistance, such as the factor V-mutatfon (factor V Leiden), and inherited or acquired 
deficiencies in antithrombin in, prabein C, protein S, heparin cofactor H. Other conditions known 
to be associated with hypercoagulability and thrombo-embolic disease include circulating 
antiphospholipid antibodies (Lupus anticoagulant), homocysteinemi, heparin induoep 
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thrombocytopenia and defects in fibrinolysis. "The thrombin inhibitor of the invention are thifs 
indicated both in the therapeutic and/or prophylactic treatment of these conditions. 

Particular disease states which may be mentioned include the therapeutic and/or prophylactc 
5 treatment of venous thrombosis and pulmonary embolism. 

The thrombin inhibitors of the invention are further indicated in the treatment of oondrtiorls 
where there is an undesirable excess of thrombin without signs of hypercoagulability, for examp e 
in neurodegenerative diseases such as Alzheimer's disease. In addition to its effe c ts on the 

10 coagulation process, thrombin is known to activate a large number of cells (such as neutrophil;, 
fibroblasts, endothelial cells and smooth muscle cells). Therefore, the compounds of tte 
invention may also be useful for the therapeutic and/or prophylactic treatment of idiopathic ard 
adult respiratory distress syndrome/ pulmonary fibrosis following treatment with radiation or 
chemotherapy, septic shock, septicaemia, inflammatory responses, which include, but are not 

15 limited to, edema, acute or chronic atherosclerosis such as coronary arterial disease, cerebral 
arterial disease, peripheral arterial disease, reperfusion damage, and restenosis after 
percutaneous trans-luminal angioplasty (PTA). 

Moreover, the thrombin inhibitors of the invention are expected to have utility In prophylaxis iif 
20 re-occlusion (i.e. thrombosis) after thrombolysis, percutaneous trans-luminal angioplasty (PTA) 
and coronary bypass operations; the prevention of re-thrombosis after microsurgery and vasculur 
surgery in general. Further indications include the therapeutic and/or prophylactic treatment <rf 
disseminated intravascular coagulation caused by bacteria, multiple trauma, intoxication or ary 
other mechanism; anticoagulant treatment when blood is in contact with, foreign surfaces in tie 
25 body such as vascular grafts, vascular stents, vascular catheters, mechanical and biological 
prosthetic valves or any other medical device; and anticoagulant treatment when blood Is jn 
contact with medical devices outside the body such as during cardiovascular surgery using a 
heart-lung machine or in haemodiafysis. 

30 The salts of the thrombin inhibitors may also be useful in the treatment of pancreatitis. 

The salts of the boronlc adds of formula m are further considered to be useful for inhibiting 
platelet prtxaoagulant activity. The invention provides a method tor inhibiting platelet pn> 
coagulant activity by administering a salt of a formula III borontc acid to a mammal at risk of, or 
35 suffering from, arterial thrombosis, particularly a human patient. Also provided is the use oF such 
salts for the manufacture of medicaments for inhibiting platelet procoagulant activity. 
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The use of the formula III products as inhibitor&of- platelet pro-coagulant activity is predicated c n 
the observation that they are effective at inhibiting arterial thrombosis as wen as venois 
thrombosis. 

5 Indications involving arterial thrombosis include acute coronary syndromes (especially myocardial 
infarction and unstable angina), cerebrovascular thrombosis and peripheral arterial occlusion ar 
arterial thrombosis occurring as a re$ult of atrial fibrillation, valvular heart disease, arterio-venons 
shunts, indwelling catheters or coronary stents. Accordingly, in another aspect the invention 
provides a method of treating a disease or condition selected from this group of indication >, 
10 comprising administering to a mammal/ especially a human patient, a salt of the invention. Th 
invention includes products for use in an arterial environment, e.g. a coronary stent or oth«>r 
arterial implant, having a coating which comprises a salt of the invention 

The salts of the formula III bononic adds may be used pnophylactically to treat an individual 
IS believed to be at risk of suffering fn&m arterial thrombgsis or a condition or disease involving 
arterial thrombosis or therapeutically (including to prevent re-occurrence of thrombosis <J>r 
secondary thrombotic events). 

Administration and Pharmaceutical Formulations 

20 

The salts may be administered to a host, "for example, in the case where the drug has and- 
thombogenic activity, to obtain an anti-thrombogenic effect.. The boropeptides of formula II 
have antRhrombogenic activity. In the case of larger animals, such as humans, the compouncs 
may be administered alone or In combination with pharmaceutical^ acceptable diluent;, 

25 excipients or carriers. The term ^pharmaceutical^ acceptable" includes acceptability for both 
human and veterinary purposes, of which acceptability for human pharmaceutical use js 
preferred. In the case of oral administration, the compounds are preferably administered in 
form which prevents the salt of the invention from contact with the acidic gastric juioe, such is 
entericaKy coated formulations, which thus prevent release of the salt of the invention until it 

30 reaches the duodenu m. 

The enteric coating is suitably made of carbohydrate polymers or polyvinyl polymers, fbr 
example. Examples of enteric coating materials include, but are not limited to, cellulose acetate 
phthalate, cellulose acetate succinate, cellulose hydrogen phthalate, cellulose acetate trimellitatxs, 
35 ethyl cellulose, hydrcocypropyl-methylcellulose phthalate, hydroxypropylmethylcellulose acetate 
succinate, carbpxy methyl ethylcellulose, starch acetate phthalate, amylose acetate phthslatts, 
polyvinyl acetate phthalate, polyvinyl butyrate phthalate, styrene-maleic acid copolymer, methy 
acrylate-methacrylic acid copolymer (MPM-05), methylacrylate-methacrylic acic 
methylmethacrylate copolymer (MPM-06), and methylmethacrylate-methacrylic acid co-polyme r 
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(Eudragit®dL£&^);s^O^ coating contains a plastiriser. Examples of t e 

pfa^fdg^ citrate, triacetin, and diethyl phthalate. 

The anti-thnombotic salts of the invention may also be combined ancfor co-administered with ar y 
5 antithrombotic agent with a different mechanism of action, such as the antiplatelet agens 
acetylsalicylic acid, b'dopidine, dopidogrel, thromboxane receptor and/or synthetase inhibitory 
fibrinogen receptor antagonists, pnostacydin mimetics and phosphodiesterase inhibitors and ADf ' 
receptor (P2 T) antagonists. 

10 The antithrombotic salts of the invention may farther be combined and/or ao-adm3nistered with 
thrombolytics such as tissue plasminogen activator (natural, recombinant or modiRed), 
streptokinase, urokinase, prouroWnase, anisoylated plasminogen-streptokinase activator compk x 
(APSAC), animal salivary gland plasminogen activators, and the like, in the treatment <J>f 
thrombotic diseases, in particular myocardial infarction. 

15 

The anti-thrombotic $aits of the invention may be combined and/or oo-administered with 
cardiopnrtectant. 

Typically therefore, the salts of the formula (III) adds may be administered to a host to obtain 
20 thrombin-inhibitory effect 

Actual dosage levels of active ingredients in the pharmaceutical compositions of this invention 
may be varied so as to obtain an amount of the active compound(s) that i$ effective to achieve 
the desired therapeutic response tor a particular patient, compositions, and mode erf 
25 administration. The selected dosage level will depend upon the activity of the particular 
compound, the severity of the condition being treated and the condition and prior medical history 
of the patient being treated. However, Ft Is within the stall of the art to start doses of the 
compound at levels lower -than required fbr to achieve the desired therapeutic effect and to 
gradually increase the dosage until the desired effect is achieved. 

30 

According to a further aspect of the invention there is thu$ provided an oral pharmaceutic^ 
formulation including s product of the invention, in admixture with a pharmaceutical^ acceptable 
adjuvant, diiuent or carrier 

35 Solid dosage forms for oral administration include capsules, tablets, pills, powders and granule*: 
In such solid dosage forms, the active compound is typically mixed with at least one iner;, 
pharmaceutical acceptable exdpient or carrier such as sodium citrate or dicalcium phosphata 
and/or one or more: a) fiflers or extenders such as starches, lactose, sucrose, glucose, mannftol 
and silicic acid; b) binders such as carboxymethylcelluiose, alginates, gelatir 
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polyvinylpyrrolidone, sucrose and aeada; c) humeetente such as glycerol; d) disintegrating agens 
such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates ar d 
sodium carbonate; e) solution retarding agents such as paraffin; f) absorption accelerators such 
as quaternary ammonium compounds; g) wetting agents such as cetyl alcohol and glycerol 
5 monostearate; h) absorbents such as kaolin and bentonite clay and i) lubricants such as tal;, ; 
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryi sulfate ard '■ 
matures thereof. In the case of capsules, tablets and pills, the dosage form may also compris e 
buffering agents. Solid compositions of a similar type may also be employed as fillers in soft ar d 
hard-filled gelatin capsules using such exdpients as lactose or milk sugar as well as hie h 
10 molecular weight polyethylene glycol, for example. 

Suitably, the oral formulations may contain a dissolution aid. The dissolution aid is not limited us 
to its identity so long as it is pharmaceutical^ acceptable. Examples include nonionic surface 
active agents, such as sucrose fatty acid esters, glycerol fatty acid esters, sorbitan fatty acd 

15 esters (e.g., sorbitan trioleate), polyethylene glycol, polyoxyethylene hydrogenated castor ol f 
polyoxyethylene sorbitan fatty acid esters, polyoxyethylene alky] ethers, methoxypolyoxyethyler e 
alkyl ethers, polyoxyethylene alkylphenyl ethers, polyethylene glycol fatty acid esters, 
polyoxyethylene alkylamines, polyoxyethylene alkyl tfwetfiers, polyoxyethylene potycxypropyler e 
copolymers, polyoxyethylene glycerol fatty add esters, pentaerythntol fatty acid esters, pnopyler e 

20 glycol monofatty acid esters, polyoxyethylene propylene glycol monofatty acid esters, 
polyoxyethylene sorbite! fatty acid esters, fatty acid alkylolamides, and alkylamine oxides; bie 
add and safe thereof Cerg., chenodeoxycholic acid, cholic acid, deoxycholic acid, dehydrocholfc 
acid and salts thereof, and glycine or taurine conjugate thereof); ionic surface active agents, sue h 
as sodium lauryisulfate, fatty add soaps, alkylsutfonates, alkylphosphates, ether phosphate;, 

25 fatty add salts of basic amino acids; trtethanolamine soap, and alkyl quaternary ammonium salts; 
and amphoteric surface active agents, such as betaines and aminocarbaxylic acid salts. 

The active compounds may also be in micro-encapsulated form, if appropriate, with one or moie 
of the above-mentioned exdpients. 

30 

Liquid dosage forms for oral administration indude pharmaceutical^ acceptable emulsion >, 
solutions, suspensions, syrups and elixirs. In addition to the active compounds, the liquid dosage 
forms may contain inert diluents commonly used in the art such as water or other solvent?, 
solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethvi 
35 acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethyl 
fbrmamfcte, oils (in particular, cottonseed, groundnut; corn, germ, olive, castor, and sesame oils), 
glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan and 
mixtures thereof. Besides inert diluents, the oral compositions may also include adjuvants such 
as wetting agents, emulsifying and suspending agents, sweetening, flavouring and perfuming 
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agents. Suspensions, in addition to the active compounds, may contain suspending agents sue h 
as ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalRre 
eellufose, aluminium metahydroxide, bentonite, agai^agar, and tragacanth and mixtures thereof. 

The product of the invention may be presented as solids in Rnely divided solid form, for examp 
they may be micronlsed. 

The active compound may be given as a single dose, in multiple doses or as a sustained release 
formulation. 

Synthesis 



1^ 



Petrtida/Peptidomimetic Svnthegfe 



s 



The synthesis of boropeptides, including, for example, Cbz-D-Phe-Pra-BoroMpg-OPinacol 
familiar to those skilled in the art and described in the prior art mentioned above, includirJg 
Qaeson et al (US 5574014 and others) and Kakkar et al (WO 92/07869 and family membeis 
including US 5648338). It j$ described also by Elgendy et al Adv. Exp. Med. B/oi. (USA) 199-!, 
340 r 173-178; Cteei»n,G. et al BfochemJ. 1993, 290, 309-312; Deadman et al J. Enzyne 
Inhibition 1995, 9, 29-41, and by Deadman et al J. Med, Chem. 1995, 38, 1511-1522. 

Stereoselective synthesis with S or R configuration at the chiral B-terminal carbon may he 
conducted using established methodology (Elgendy et al Tetrahedron. Lett 1992, 33 t 420$ ■ 
4212; WO 92/07869 and family members including US 5648338) using (+) or (— )- pinanedioi es 
the chiral director (Matteson et al J. Am. Chem. Soc 1986, 108, 810-819; Matteson et 
Organometafiics.. 1984, 3, 1284-1288). Another approach is to resolve the requisite 
aminoboronate Intermediate (e.g. Mpg-BOPinacoJ) to selectively obtain the desired (R)-isome r 
and couple it to the dipeptide moiety {e.g. Cbz-(R)-Phe-(S)-Pna, which is the same as Cbz-D-Phe - 
L-Pro) which will form the remainder of the molecule. 

The reader is referred also to other prior documents mentioned previously in this specification, 
for example the US patents of Adams et al. 

The boropeptides may be synthesised initially in the form of boronic acid esters, particular!/ 
esters with diols. Such dfol esters may be converted to the peptide boronic add as describe 
next 

£ Efiter tp Aci d Conversion 
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A boronate ester such as Cbz-D-Phe-Pro-BoroMpg-OPinacol may be hydr°lys ed to form tljte 
corresponding add, for example 99 ^soft^^^m^t^^^^^J^ 



A novel technique for converting a diol ester of a peptide boronic add, especially of formula (IE), 
into the acid comprises dissolving the did ester in an ether and particularly a dialkyl ether, 
reacting the thus-dissolved diol with a diolamine, for example a dialkanolamine, to form 
product precipitate, recovering the precipitate, dissolving it in a polar organic solvent arid 
reacting the thus-dissolved product with an aqueous acid to form the peptide boronic acid. Tie 
boronic add may be recovered from the organic layer of the mixture resulting from the reaction 
for example by removing the solvent, e.g. fay evaporation under vacuum or distillation. Ti e 
reaction between the diol ester and the diolamine may be carried out under reflux, for example. 

The identity of the diol is not critical to the invention. As suitable diols may be mentione d 
aliphatic and aromatic compounds having hydroxy groups that are substituted on adjacent 
carbon atoms or on carbon atoms substituted by another carbon. That is to say, suitable diols 
include compounds having at least two hydroxy groups separated by at least two connectirg 
carbon atoms in a chain or ring. A particularly preferred diol is pinacoi and other exemplary diols 
include pinanediol {also a preferred diol), neopentylglycol, diethanolamine, 1,2-ethanedid, 
propanediol, 1,3-propanediol, 2,3-butanediol, 1,2-diisopropylethanediol, 5,6-decanediol and 
dicydohexylethanedioi. 

The alkyl groups of the dialkyl ether preferably have 1, 2, 3 or 4 carbon atoms and the alkfl 
groups may be the same or different A most preferred ether is diethyl ether. 

The alkyl groups of the dialkanolamine preferably have 1, 2, 3 or 4 carbon atoms and the alkrt 
groups may be the same or different- A most preferred dialkanolamine is diethanolamine. 



8/91 



The polar organic solvent Is preferably CHCI3- 



30 The aqueous acid is suitably a strong inorganic acid at a pH in the region of 1; hydrochloric acid 
is most preferred. 

After reaction with the add, the reaction mixture is suitably washed with, for example, NH^Cl . 

35 A preferred procedure is as follows 

1. The pinacoi ester of the selected peptide boronic acid is dissolved in diethylether. 

2. Diethanolamine is added and the mixture is refluxed at 40 °C. 

3. The precipitated product is removed, washed (usually several times) with diethylether an J 
dried (e.g. by evaporation under vacuum). 
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4. The dry pmduct is dissolved in CHCI 3 . Hydrochloric acid (pH 1) is added and the mixture is 
stirred approximate temperature. 

5. The organic layer is removed and washed with NH4CI solution. 

6. The organic solvent is distilled off and the residual solid product is dried. 

5 

The above process when applied to boronic acids of formula in results in the formation of s n 
ester-amide of the peptide boronic acids of formula (I) r especially ester-amides wrjh 
diethanolamine, and such esher^mides are themselves included in the invention* 

10 The invention provides also the use of an organoboronic add, especially a peptide boronic acid rf 
formula (m) to make a salt of the invention. Included also is a method of preparing a product of 
the invention, comprising contacting an organoboronic acid, especially a peptide boronic acid j>f 
formula (in) with a base capable of making such a salt. 

15 The acid, e.g. peptide boronic acid of formula (III) used to prepare the pharmaceutical 
preparations is typically of GLP or GMP quality, or in compliance with GLP (good laboratory 
practice) or GMP (good manufacturing practice); such adds are included in the invention. 

Similarly the acids are usually sterile and/or acceptable for pharmaceutical use, and one aspect if 
20 the invention reside in a composition of matter which is sterile or acceptable for pharmaceutical 
use, or both, and oomprises a peptide boronic acid of formula (III). Such a composition of 
matter may be in particulate form or in the form of a liquid solution or dispersion. 



The intermediate acid, may be in isolated form and such isolated acids are included in tf|e 
invention, especially isolated acids which are a peptide boronic acid of formula (VIII): 

X-(R)-Phe-(S)-Pro<R)-Mpg-B(OH) 2 (VHI) 

wherein X is H (to form NH2) or an amino-protecdng group. 



One typical way of providing the Intermediate acids is as a particulate composition consisting 
predominantly of such a peptide boronic acid, and these compositions are included in the 
invention. The peptide boronic acid often forms at least 75% by weight of the composition and 
typically at least 85% by weight of the composition, e.g. at least 95% by weight of the 
35 composition. 

Another typical way of providing the intermediate acids is as a liquid composition consisting of, or 
consisting essentially of, a peptide boronic add of formula (H) and a liquid vehicle in which it s 
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dissolved or suspended. The liquid vehicle may be an aqueous medium, e.g. water, ardru 
alcohol, for example methanol, ethanol, isoprtipanol, or another propanol, another alkanoLor 
mixture of the aforegoing. 

5 The compositions of the intermediate acids are generally sterile. The compositions may eonta 
the peptide boronic acid in finely divided form, to facilitate further processing* 

3. Salt Synthesis 



10 The salts may be prepared by contacting the relevant boronic acid with the metal hydroxice 
(alternatively/ metal carbonates might be used, for example). Sometimes ft is more convenient 
to contact the acid with the relevant metal alkoxide (e.g. methoxide), for which purpose the 
corresponding alkanoi is a suitable solvent. The preferred salts of the invention are acid sal s 
(one -boh praton replaced) and, to make these salts, the acid and the base are usually read* d 

15 in $ubstantially in the appropriate stoichiometric qua ntities. 

In one procedure, a solution of the peptide boronic add in a water-mlscible organic solvent, for 
example acetonitrile or an alcohol <e.g. ethanol, methanol, a propanol, especially iso-propanol, nr 
another alkanoi), is combined with an aqueous solution of the base. The 3tfd and the base aie 
20 allowed to react and the salt is recovered. The reaction is typically carried out at ambient 
temperature (e.g. at a temperature of from 15 to 25°C), but an elevated temperature may te 
used, for example up to the boiling point of the reaction mixture but more usually lower, e.g. 
temperature of up tn 40 6 C or 50*C. The reaction mixture may be allowed to stand or be agitated 
(usually stirred). 

25 

The time during which the add and the base are allowed to react is not critical but it has bedn 
found desirable to maintain the reaction mixture for at least one hour. A period of from one 1o 
two hours is usually suitable but longer reaction times are included in the invention, 

30 The salt may be recovered from the reaction mixture by any suitable method, for exampe 
evaporation, precipitation or crystallisation. In one preferred technique, the salt is recovered ty 
evacuating the reaction mixture to dryness. The salt is preferably thereafter purified, for 
example by nedissolving the salt before filtering the resulting solution and drying it, for example 
by evacuating It to dryness or freeze drying. The redissolution may be performed using wate-, 

35 e.g. distilled water. The salt may then be further purified, for example In order to remove 
residual water by further redissolution in a suitable solvent, which is advantageously etfrrl 
acetate orTHF fallowed by evaporating to dryness. The purification procedure may be carried 
out at ambient temperature (say, 15 to 25 e C), or at a modestly elevated temperature, such <= 
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e.g. a temperature not exceeding 40°C or 50°C; for example the salt may be dissolved in wat^r 
and/or solvent by agitating with or without warming to, for example, 37*C. 

The invention includes a method for drying the salts of the invention and other peptide boror lc 
5 acid salts, comprising dissolving them in &thy\ acetate or THF and then evaporating to dryness, 
e.g. by evacuation. 

Generally, preferred solvents for use in purifying the salts are ethyl acetate or THF, or perhaps 
anotfier non-polar solvent, 



10 



A general procedure for synthesising multivalent metal salts of Cbz-Phe-Pro-BoroMpg-OH Is £s 
follows; 



Cbz-Phe^Pro-BoroMpg-OH (20-OQg, 38.1mM) is dissolved in acetonitrile (200ml) with stirring rt 
15 room temperature. To this solution is added the requisite base as a solution in distilled wati:r 
(190ml) [O.iM solution for a divalent metal; 0.67M solution for a trtvalent metal], The resultant 
clear solution is allowed to react for example by being left to stand or being agitated, for a usual 
period, in either case, of from one to two hours. The reaction is typically carried out at ambient 
temperature (e.g. 15-25*C) but alternatively the temperature may be elevated (e.g. up to 30°C, 
20 40*C or 50°C). The reaction mbcture is then evacuated to dryness under vacuum with is 
. temperature not exceeding 37°C The resultant oil/tecky liquid is redissoived in the minimum 
amount of distilled water necessary (200ml to 4L), typically with warming (e.g. to 30-40°C), 
usually for up to 2 hours. The solution is filtered, suitably through filter paper, and evacuated lo 
dryness, again with the temperature of the solution not exceeding 37 Q C, or freeze dried. TTe 
25 resultant product is dried under vacuum overnight to normally yield a white brittle solid. If tre 
product |$ present as an oil or tacky solid then it is dissolved in ethyl acetate and evacuated 1o 
dryness to produce the product as a white solid. The white solid is typically a coarse, amorphoL s 
powder. 

30 In variations of the aforegoing general procedure, the acetonitriie is replaced by another wate- 
miscible organic solvent, notably an alcohol, as discussed above, especially ethanol, methanol, 
iso-propanol or another propano!. 

The above synthetic procedures are applicable also to preparing an alkali metal salt of TRI50<:, 
35 which is useful as a starting material for alternative syntheses of multivalent metal salts, where 
direct synthesis from the add is not ideal, as in the case of excessively in$oluble multivalert 
metal hydroxides, In such an "indirect" synthesis from an alfcalr metal salt, especially the sodiuri 
salt or alternatively the potassium salt, the boronic acid salt in solution is contacted with a salt c f 
the relevant metal (normally a salt having a pharmaceutically acceptable anion, e.g. chloride] 
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. The multivalent metal salt of the boronic acid is then recovered, for example it will oftin 

precipitate out (when the multivalent metal salt is less soluble in the reaction medium than is the 
sodium salt). The resulting precipitate may then be separated from the liquid, e.g. by filtratjop, 
and purified, 

5 

The preparation of the multivalent metal salts of the Invention from the corresponding alktli 
metal salts is novel and included in the invention. The alkali metal salts and their aqueous 
solutions also form part of the invention. 



1 0 Separation of Stereoisomers 



The stereoisomers of a peptide boronic acid or a synthetic Intermediate aminoboronate mey l>e 
resolved in, for example, any known way. Accord ingly, they may be resolved by chromatography 
CHPLC) or salt crystallisation. 
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Examples 

Tha following compounds are referred to In the Examples: 

20 TRIBQb = Cbz-P he-Pro-BoroM pg-O pi nacol . 

TRISOc = Cbz-Phe-Pro-BoroMpg-OH. This is the free add of TRISOb. 

It is considered that the TRISDb and TRISQc featured in the examples are at least predominantly 
of the most active isomer, considered to be of RSR (DLL) configuration, as discussed above. 



The solubility data presented in the examples ware obtained from salt made using a modificatic n 
of the salt preparation process described in the examples. The modified process differs from that 
described in the examples in that lOOmg of TRISOc was used as starting material, the product i*f 
the redissolutfon in water was dried by freeze drying and the filtration was carried out through 
0.2pitt filter. The salt for which solubility data are presented is believed to contain about 85% of 
the most active Isomer, considered to be of RSR configuration* When repeated with very puie 
active isomer salt obtained using the procedure described in the example from isornerically pure 
TRISOc, the solubility data were the same as those presented within experimental error or vei[y 
slightly higher. 



EXAMPLE!- 



3-METHQXYPROPENE 
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l.REAGENTS AND CONSUMABLES - 
1.1 SPECIFICATIONS 

5 1,4-Dioxan (SPS). 



Toluene, AR grade. 
Ally! Alcohol, 

Sodium Hydride as 60% dispersion in mineral oil. It should be a pale grey powder. Overall whijte 
colour indicates decomposition. 

Dimethyl sulphate. 

Magnesium sulphate dried (SLR). 

Water, standard laboratory purified water is used throughout 



20 Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with $^lf 
indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with s^if 
indicating silica gel when required to be dry. 



ML PURIFICATION OF REAGENTS 

All glassware used in these purification steps is heated at 140-160°C for at least 4 hours arid 
then cooled in a desiccator or by assembling while hot and purging with a stream of dry nitrogen 
before use. 



2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of ^ir 
sensitive reagents is used for this preparation procedure. 

35 All glassware is heated at 140-160°C for at least 4 hours before use and then cooled either in 
desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 

The mechanical stirrer should be of sufficient torque to stir a viscous suspension. The stirrer anfn 
should be fitted to the flask through a quidcfit sleeve with inert oil seal. 
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Reaction is conducted in a three necked flask, to allow overhead stirring, inert gas purge ar d 
sodium hydride addition. A heating mantle of appropriate size is required. 

5 3 PROCEDURE 
3-1 PREPARATION 

To a mechanically stirred cooled solution under nitrogen with a gas outlet and fitted with a wamr 
condenser of allyl alcohol (107.8ml, 1.59mo!) and dimethylsulphate (200ml, i.59mol, l.eq.) n 
10 1/Hdioxane (1L) is added, portionwlse NaH (60% dispersion in mineral oil, 63.5g, 1.59mcl, leq.)- 
Care is taken that the reaction temperature remains at or below room temperature and tf e 
reaction is stirred until effervescence has ceased. 

3.2 PURIFICATION AND WORK-UP 

15 The slurry is stirred, carefully, into ioe (1L), and extracted with toluene (3x500ml). The organic 
phase is heated (mantle) with a fractionation column to distil off at atmospheric pressure tt e 
methoxypropene, b.p. 45-60°C. Heating should be observed to keep the vapour temperature n 
the 45 : 60 o C range, since unreacted ally! alcohol distils at 96-98°C. 

20 3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The distilled 3-methoxypropene should be checked by *H NMR spectroscopy. 

B, 3-METHOXYPftOPYL SORONATE CATECHOL ESTER 

25 1 REAGENTS AND CONSUMABLES 
1.1 SPECIFICATIONS 

Catecholborane. The appearance should be a low melting (m.p. 12°C) solid. 
30 3-methoxypropene, The appearance should be a clear volatile liquid, It must be stoned at below 

Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with se if 
Indicating silica gel when required to be dry. 

35 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with self 
indicating silica gel when required to be dry. 
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APPARATUS 



Standard laboratory glassware and specialised apparatus for handling and transferring of 
sensitive reagents is used for this preparation procedure, 

A heat gun or water bath is required to prewarrn the bottte of catecholborane. 



All glassware must be heated at 14D-160*C for at least 4 hours before use and then cooled either 
in a desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 

3 PROCEDURE 

3.1 PREPARATION 

To 3-methoxypropene (120g, 1.66mol) in a II flask cooled in an ice bath and fitted with 
condenser, is added, dropwise by dry transfer via a dropping funnel, catecholborane (199.6b, 
leq.) (which is prewarmed, if necessary, to give a liquid) and left overnight at room temperature 
Careful addition of the catecholborane is necessary as the reaction can become violently 
exothermic. 

The mixture is heated at 60-7 CX^C for 24hrs. The mixture is allowed to coo! to room temperature 

3.2 PURIFICATION AN D WORK-UP 

There is no purification at this Stage, Used immediately. 



25 33 



CHARACTERISATION AND CONFIRMATION OF PRODUCT 



The catechol 3-methoxypropyl boronate should be checked by ^ NMR spectroscopy, oc Signa s 
should be observed as follows;- 



860 


Signal Pattern 


Assignment 


7.13 


4H, multiplet 


Ph 


3.4 


2H, multiplet 


CHjOme 


3.39 


3H P Sirtglet 


Ome 


1.92 


2H, multiplet 


CH 2 


1.29 


2H, multiplet 


CH 2 



30 Observation of other signals would be indicative of impurities 
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3-METHQXYPrOPYL BO RON ATE PINACOL ESTCR 



REAGENTS AND CONSUMABLES 



1.1 SPECIFICATIONS 



Pinacol. 



Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed with s<p 
10 indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with s^lf 
indicating silica gel when required to be dry. 

15 2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of ejir 
sensitive reagents is used for this preparation procedure. 

All glassware must be heated at 140-160°C for at least 4 hours before use and then cooled either 
20 in a desiccator or by assembling hot and purging with a stream of dry nitrogen or argon, 

3 PROCEDURE 
3-1 PREPARATION 

25 To catechol 3-methoxypropaneboronate (l.66mol, from section B2) is added, at CPC, pinachl 
(126g, leq). The solution is stirred at 0°C for lhr. Remove the ice bath and leave at room 
temperature overnight 

3.2 PURIFICATION AND WORK-UP 

30 To a 31 flask containing 1.51 hexane (lab. grade, not dried) transfer the solution from 3.1. Alloiv 
the catechol to precipitate out (storage at <4°C for 1-2 hrs. facilitates this) and decant off the 
hexane into a 31 separating funnel. Wash the precipitate with a further 5O0ml of hexane and add 
to the first hexane solution- Wash the hexane with water (2x500ml, analytical grade). Back 
extract each aqueous wash with (2x500ml) hexane. Dry the hexane layer with anhydrous M9SO4 

35 Filter (glass sinter , grade four). 

Remove the solvent using a rotary evaporator under oil pump vacuum. The rotating flask shout i 
be surrounded by a water bath at room temperature. The vacuum and temperature need not ba 
critically determined so long as they are adequate to remove the solvent 
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5.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The pinacol 3-methoxypropyl boronabe product should be checked by 1 H NMR spectroscopy o|c. 
Signals should bs observed as follows;- 



5400 




Signal Pattern 


Assignment 


3-33-3.37 




5H, multiptet 


CH2-O-CH3 


1-69 




2H, multiple* 


CH 2 Qi2 


1.24 




12H, singlet 


pinaool 


0.79 




2H, multiptet 


QU2B 



Due to the presence of Impurities other signals will be observed also. 

If impurity tevete are unacceptable, distil the product (bp. 55°C/0.4mmHg, pinacol 
10 metfioxypropyl boronate). 



4-METHOXY^CHLOROBUTYL BORONATE PINACOL ESTER 

1 REAGENTS AND CONSUMABLES 
1.1 SPECIFICATIONS 



Dichloromethane (AR) dried/redistilled before use. 
20 Tetrahydrofiiran (AR) dried/redistilled before use. 
Hexane(AR). 



Lithium diisopropylamlde, 2.0M in hexane/tetrahydrofuran/ethylbenzene. The reagent must 
25 inspected before each u$e. It should be a clear pale red/brown solution. If it deviates from 
colour or has any white precipitate it must be discarded. Store at <6 C, C. 

Zinc chloride, 0.5M in THF. 

30 Cyclohexane, anhydrous, 99.5%. 

Benzophenone (SLR), 



tie 

tfiis 
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Sodium metal stored under paraffin oil (SLR). 
Phosphorus pentoxide (SLR), 

5 

Magnesium sulphate dried (SLR), 
Water, Ultra Pure grade. 
1 0 Carbon tetrachloride (GLR) 
Dry ice. 

Nitrogen, laboratory oxygen fn^e grade which is passed through a drying tube packed with s^lf 
15 indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with s^lf 
indicating silica gel when required to be dry. 

20 1.2 PURIFICATION OF REAGENTS 

All glassware used in these purification steps is heated at 140-160°C for at (east 4 hours arjd 
then cooled in a desiccator or by assembling while hot and purging with a stream of argon 
before use, 

25 1.2.1 Dichloromethane 

Add phosphorus pentoxide to the dichloromethane at the rate of ca. 10 g per 100cm 3 and leave 
to stand in a stoppered flask for at least 30 minutes. Distil the dichloromethane from ttje 
phosphorus pentoxide under a stream of dry nitrogen, The purified solvent is used immediately 

30 1,3,2 Tetrahydrofuran 

The distillation apparatus is normally set up in the laboratory ready for use and will oonta n 
tetrahydrofuran oyer sodium containing benzophenone (ca. 0.5 g per litre) a$ an indicator. If 
necessary top up the distillation flask with more tetrahydrofuran so that it Es at most two thirc s 
full. If the colour of the solvent in the distillation flask is not blue add sodium (in oil) in small 
35 pieces, ca. 5 mm cubes until a blue colour develops. Distil me solvent from the sodium under a 
stream of dry nitrogen. 

The purified totrahydnofuran is used immediately and stored. 
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APPARATUS 



Standard laboratory glassware and specialised apparatus for handling and transferring of air 
5 sensitive reagents are used for this preparation procedure. 



All glassware is heated at 140-16Q°C for at least 4 hours before use and then moled either 
desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 

10 3 PROCEDURE 



in 



3,1 PREPARATION 



To a solution (0.4M, in a 101 flask) of pinaml 3-methoxypropylboranate ester (150g, 0.750mof) n 
15 anhydrous cyclohexane (1250ml) and THF (625ml) (section 1.2,2) cooled to -20°C in a carbc n 
tetrachlorid^dry ice bath, is added dry DCM (section 1.2.1, 1.22eq., 58.5ml, O.915mol). Added a 
this solution (with stirring, under stream of dry argon) dropwise, to maintain the temperatuie 
between -20 °C and -15 °C, is lithium diisopropylamide (l.lleq., 4i6rnl, 0.833mol, diluted n 
500ml THF) and then zinc chloride (0.5M solution in THF, 1500m I) pre cooled in ice. The reactic n 
20 is allowed to warm to room temperature overnight 

3.2 PURIFICATION AND WORK-UP 

The reaction mixture is diluted In hexane (21) and poured into cold 1M sufphuric acid (II), stir for 
15 min$, and then extract with hexane (2x500mt). Wash the combined extracts wfth saturated 
25 NaHC0 3 solutaon (ll), saturated NaCI solution (II). Dry the combined hexane extracts with 
anhydrous MgSO^ 

Filter immediately wfth a grade four glass sinter. 

30 Remove the solvent using a rotary evaporator at room temperature and with a vacuum of ca. 1 
mm/Hg. The vacuum and temperature need not be critically determined so long as they are 
adequate to remove the solvent 

3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

35 The unpurified pinacol 4-methoxy-l-chlorobutylboronate should be checked by 1 H NM* 
spectroscopy- Signals should be observed as follows;- 
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S40O ^•i~.$&&B&g&&$3fr 


^Signal Pattern 


Assignment 




«^^-3H, muttiplet 


OH 20m e and CHB 


3.34 


3H, singlet 


Ome 


2.0-1.62 


4H, multiplet 


CH2CH2 


1.27 


12H / singlet 


pinacol 



Due to the presence of impurities other signals will be observed also. 
E, 4-METHOXY-l-BIS fTRIMETHYLISILYLl AMINOBUT YL BQRONATE PINACC 



ESTER 

1 REAGENTS AND CONSUMABLES 
1.1 SPECIFICATIONS 

Tetrahydrofuran CAR) dried/redistilled before use. 

n-Hexane SPS grade dried/redistilled before use. 

15 Lithium bisCtrimettiylsilyOamlde! IN solution In anhydrous hexane. 

Water, Ultra Pure grade. 

Nitrogen, laboratory oxygen free grade whidh is passed through a drying tube packed with s^lf 
20 indicating silica gel when required to be dry. 

Argon, laboratory oxygen free grade which is passed through a drying tube packed with sdf 
indicating silica gel when required to be dry, 

25 1.2 PURIFICATION OF REAGENTS 

All glassware used in these purification steps is heated at 140-16Q°C for at least 4 hours arid 
then cooled in a desiccator or by assembling while hot and purging with a stream of dry nftrogon 
before use. 

30 1-2.1 TetrahydrofMran 

The distillation apparatus is normally set up in the laboratory ready for use and will contan 
tetrahydrofuran over sodium containing benzophenone (ca. 0.5 g per litre) as an indicator. If 
necessary top up the distillation flask with mone tetrahydrofuran so that it Is at least two thirds 
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full. If the colour of the solvent in the distillation flask is not blue add sodium in oil in small 
pieoes, ca. 5 mm cubes, until a blue colour develops. Distil the solvent from the sodium v undei ~a 
stream of dry nitrogen. 

5 The purified tetrahydrofuran is used immediately and not stored. 



2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of fair 
sensitive reagents is used for this preparation procedure. All glassware must be heated at HO- 
160*C for at least 4 hours before use and then cooled either in a desiccator or by assembling h|ot 
and purging with a stream of dry nitrogen or argon. 

3 PROCEDURE 
3.1 PREPARATION 

A 0.33M solution of pinaool 4-methoxy-l-chlorabuteneboronate {150g y 0.60mol) in THF (I8l0n[il) 
is added to a 0,5M solution of lithium hexamethyldteilazane (IN In hexane, 604ml, leq) in THF 
C603ml) at -78&C ( dry ice/acetone bath) giving a final concentration of boronate at Q.2M. Tie 
reaction mixture is allowed to warm slowly to room temperature and is stirred for at least 12hrs. 



3.2 PURIFICATION AND WORK-UP 

Remove the solvent using a rotary evaporator under oil pump vacuum- The rotating flask shodld 
be surrounded by a water bath at room temperature. The vacuum and temperature need not !>e 
critically determined so iong as they are adequate to remove the solvent 

Hexane (lab grade, 1000ml) i$ added to yield a precipitate which is removed by washing with 
water (2x750ml, analytical grade). Back extract each aqueous phase with (500ml) hexane. Dry 
the hexane iayer with anhydrous MgS0 4 and filter through a grade 4 glass sinter. The argaric 
phase is concentrated using a rotary evaporator under oil pump vacuum. The rotating fla ?k 
should be surrounded by a water bath at room temperature. The vacuum and temperature ne<d 
not be critically determined so long as they are adequate to remove the solvent. 

The residual oil is distilled under reduced pressure to give b.p. 80-104°C, 0.1 - 0.2 mmHg pina^l 
4-methoxy-l-bi5(trimethylsilyl)aminobutyl boronate. 

3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

The distilled pinacol 4-methoxy-l-bis(trimethyIsilyl)aminobutyi boronate should be checked by 3 H 
NMR spectroscopy oq Signals should be observed as follows:- 
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O400 


Sianal Pattern 


Assignment 


3.23-3.26 


5H, multrpiet 




2.41 


1H, muftiplet 


CH2 CHB 


1.62 


2H, multipiet 


CH 2 CH 2 


1.46 


1H, multipiet 


1H from CH 2 (split H) 


1.31 


1H, multipiet 


1H from CJH 2 (split H) 


1.12 


12H, singlet 


pinaeol 



Due to the presence of impurities other signals will be observed also. 
5 F. 4-M FTH OXY- 1-AMINO BUTYL BO RQ NATE PINACOL ESTER 
1. REAGENTS AND CONSUMABLES 

1.1 SPECIFICATIONS 

n-Hexane SPS grade dried/redistilled before use. 

Chloroform (AR) drfed/redistilled before use. 

15 HCL, 4N anhydrous solution in 1,4-dioxan. 

Nitrogen, laboratory oxygen free grade which fs passed through a drying tube packed with s^If 
indicating silica gel when required to be dry. 

20 Argon, laboratory oxygen free grade which is passed through 3 drying tube packed with s^lf 
indicating silica gel when required to be dry, 

1.2 PURIFICATION OF REAGENTS 

All glassware used in these purification steps is heated at 140-160°C for at least 4 hours arid 
25 then cooled in a desiccator or by assembling while hot and purging with a stream of dry nitrogen 
before use. 

1.2-1 n-Hexane 

3 

Add calcium hydride to the n-hexane at the rate of ca. 10 g per 100cm and leave to stand in a 
30 stoppered flask for at least 30 minutes. Distil the hexane from the calcium hydride under a 
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stream of dry nitrogen. The purified solvent should be used immediately wherever possible tjut 
may be stored for up to 24 hours in a tightfy stoppered flask. 



1.2.2 Chloroform. 



to 



Add phosphorus pentoxide to the chloroform at the rate of ca. 10 g per lOOcm and leave 
stand in a stoppered flask for at least 30 minutes. Distil the chloroform from the phosphorbs 
pentoxide under a stream of dry nitrogen. The purified solvent should be used immediately 
wherever possible but may be stored for up to 24 hours in a tightly stoppered flask. 



2 APPARATUS 

Standard laboratory glassware and speciali$ed apparatus for handling and transferring of 
sensitive reagents is used for this preparation procedure 



; air 



AH glassware is heated at 140-160°C for at least 4 hours before u$e and then cooled either in 
desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 

3 PROCEDURE 

3.1 PREPARATION 

To a 0.4M solution of pinagol 4-methoxy-l-bis(trimethylsilyl)aminobuftane boronate (l6oh, 
0.428mol) in dry hexane (1072ml, section 1.2.1) at -78°C (dry ice/acetone), is added HCI(4^ 
solution in dioxane, 322ml 7 3eq.) from a measuring cylinder, The reaction is allowed to warm po 
room temperature overnight. 

3.2 PURIFICATION AND WORK-UP 

Remove the solvent using a rotary evaporator under oil pump vacuum. The rotating flask shoiJld 
be surrounded by a water bath at room temperature. The vacuum and temperature need not tj>e 
critically determined so long as they are adequate to remove the solvent. 

Dry chloroform (21, section 1.2.2) is added. The solution is then filtered through oslite undLr 
nitrogen pressure in a closed systemfgrade four glass sinter). Organic phase is concentrate id 
using a rotary evaporator under oil pump vacuum. The rotating flask should be surrounded by 
water batft at room temperature. The vacuum and temperature need not be critically determined 
so long as they are adequate to remove the solvent. 

3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

Pinacol 4-methoxy-l-aminobutyl boronate should be checked by electrospray mass spectrometry. 
The signals observed should be: 
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Signal (AMU) 


Assignment 


253 


[M+Na] 


230 





Due to the presence of impurities other signals will be observed also. 
5 <5. Cbz-D-Phe-Pro-BoroMpq-Ppmac (TRI50b) 
l.REAGENTS AND CONSUMABLES 

1.1 SPECIFICATIONS 

Tetrahydrofuran (AR) dried/redistilled before use. 
n-Hexane SPS grade. 
1|5 Isobutylchtoroformate. 
N-methylmorpholine. 
Triethylamine. 
Benzophenone (SLR). 
Sodium Chforide (SLR). 
2jS Sodium bicarbonate (SLR). 
Hydrochloric Acid (SLR). 
Sodium metal stored under paraffin oil (SLR). 
Magnesium sulphate dn'ed (SLR). 
Water, Ultra Pure grade. 
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Nitrogen, laboratory oxygen free grade which is passed through a drying tube packed wfth s^lf 
indicating silica gel when required to be dry- 
Argon, laboratory oxygen free grade which is passed through a drying tube packed with s^lf 
5 indicating silica gel when required to be dry. 

1.2 PURIFICATION QF REAGENTS 

All glassware used in these purification steps is heated at 14O-160°C for at least 4 hours ahd 
then cooled in a desiccator or by assembling white hot and purging with a stream of dry nitrogen 
\0 before use. 

1.2*1 Tetrahydrofuran 

The distillation apparatus is normally set up in the laboratory ready for use and will cantejin 
tetrahydrofuran over sodium containing benzophenone (ca- 0,5 g per litre) as an indicator If 
l|5 necessary top up the distillation flask with more tebahydrofuran so that it is at least two thir Is 
full. If the colour of the solvent in the distillation flask is not blue add sodium in oil in sm all 
pieces, ca, 5 mm cubes, until a blue colour develops. Distil the solvent from the sodium under 
stream of dry nitrogen. 

2j0 The purified tetrahydrofuran is used immediately and not stored. 

2 APPARATUS 

Standard laboratory glassware and specialised apparatus for handling and transferring of 
sensftive reagents 5s used for this preparation procedure. 



25 
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All glassware is heated at 140-160°C for at least 4 hours before use and then cooled either in 
desiccator or by assembling hot and purging with a stream of dry nitrogen or argon. 

3 PROCEDURE 



3.1 PREPARATION 

To a OSM solution of Cbz-D-Phe-Pro (0.515mo!,204.5g,ieq) in THF (1042ml) is added ill 
methylmorpholine (56,8ml, leq.) and the solution cooled to -20°C (CCf^dry ice bath). teuOCOCL 
(67ml,leq, in 149ml THF, 3.5M) is added making sure the temperature stays in the range of -2 0 
3|5 oc to -15°C. After 15 mins, to the mixture, is added by dry transfer a 1,36M solution of pinacol +- 
methoxy-l-aminobutylboronate hydrochloride (150g r 0.57mol, l.05eq) as a precooled solution n 
CHCI3 (4I6mI), then Et3N (75.3ml,1.05eq) Is added. The reaction is allowed to warm to room 
temperature and stirred for at least 2hrs. 
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PURIFICATION AND WORK-UP 



Remove the solvent using a rotary evaporator under oil pump vacuum. The rotating flask sho jld 
be surrounded by a water bath at room temperature. The vacuum and temperature need not 
critically determined so long as they are adequate to remove the solvent 

TTie residue is dissolved In ethyl acetate (1500ml) and washed with HQ (0.2M, 2x500ml),b^ck 
extract the combined HC! washes with ethyl acetate (500ml) and combine with ethyl esefcite 
layer. Wash combined ethyl acetate with water (1000ml), back extract the water wash with 
500ml of ethyl acetate combined with ethyi acetate layer, NaHC03 (saturated aqueous, 
2x1000ml) and NaCI (saturated aqueous, 500ml), To the organic phase is added dried 
magnesium sulphate until it flocculates, the flask stoppered tightly and left to stand for at least 
30 minutes. Remove the magnesium sulphate by filtration through a glass sinter, (grade four). 
Remove the solvent using a rotary evaporator at room temperature and with a vacuum of ca 
mm/Hg. The vacuum and temperature need not be critically determined so long as they i re 
adequate to remove the solvent 

Leave overnight on high vacuum. 

30 The desired crude product as a foamy solid. 

3.3 CHARACTERISATION AND CONFIRMATION OF PRODUCT 

3.3.1 NMR Analysis 

25 The TRISOb should be checked by *H NMR spectroscopy. Signals should be observed as follows: 



6400 


Signal Pattern 


Assignment 


7.82 


1H, broad 


NH 


7.4O-7.20 


10H, multiplet 


2xPh 


5.7 


1H, broad 


NH 


5.17-5,08 


2H, dd, J^7.54J-te 


PhCHjO 


4.48^.44 


2H, multiplet 


Pro ot-CH, Phea-CH 


3.46 


1H, multiplet 


PTO-C4 


3.27 


2H, multiplet 


Q^Ome 


3.22 


3H, singlet 


Ome 


2.99 j 


2H, multiplet 


PhQl2 


2.63 


1H, multiplet 


CHB 
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2.59-2.23 


4H, muttjplet 


Pra-C3, Pro C2 


1.60 


4H, multiple* 


Ql2CH 2 


1.20 


12H, singlet 


pJrwool 


i TRISOb should be checked by 13 C NMR spectroscopy, oc Signals should be observed 
3ws:- 


&ioo 


Signal Pattern 


Assignment 


171 


quaternary 




156 


quaternary 


CH-CO-N 


136 


quaternary 


Ph 


130-126 


CH 


orom dues 


81,5 


quaternary 


£me 2 


73 


CH 2 


£H 2 Ome 


67.26 


CH 2 


PhCH 2 0 


58.3 


CH 


Pro-aCH 


57.94 


CH 3 




54.46 


CH 


Phe-aCH 


46.77 


CH 2 


Pro-4-CH 2 


38.76 


CH 2 


PhCH 2 CH 


27.84-27.4 


2xCH 2 


£H2£H2CH20me 


25.23-24.9 


4xCH 3 


pinacol, major isomer 


24.07 


CH 2 


Pro-3- CH 2 



Due to the presence of impurities other signals will be observed also. 
3.3.2 HPLC Analysis 

[note: a) tripeptide cannot be recovered from aqueous solution, b) Dipeptfde efutes at 
solvent front and does not give a peak in this system ] 

Column: Reverse phase C-I8 ODS (octadecylsilane) 2.5^m, 150x4.6rr.rn 

Flow; 1.5ml/min. 

Detection; UV at 225 nm 

Injection volume: 0.02ml 

Solvent A: 20% MeCN in analytical grade water. 

Solvent B: 55% MeCN In analytical grade water. 



as 
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• Gradient: Linear from 20 to 90% mobile phase B over Initial 15 minutes. Cdnditidns 
maintained at 90% mobile phase B for a further 10 minutes, linear to 100% 6 over lOmnps, 
conditions maintained at 100% B for 5 mins then re-equilibrated to initial conditions. 

Component Rt (min) 

Z-D-Phe-Pro-(S)-boraMpgOPinacol 16(+-1) 
Z-D-Phe-PrcH®-boroMpgOPinacol 

H. Cbz-P-Phe-Pr6-BoroMpa»OH (TRISOcfl 

To a solution of TRl50b (rmm 608) in acetone (lg/lOrnl), is added phenyl boronfc acid (lJoi 
equivalent, rmm 120) and the solution stirred by a mechanical stirrer. To the solution Is slowly 
added ammonium hydroxide solution, (5%, pH adjusted to pH 9 by HQ, same volume as 
acetone). Some cloudiness may develop. 

Hexane (equal volume to total acetone and ammonium hydroxide) is added and the solution 
stirred rapidly for four hours. Stirring is stopped and the hexane layer decanted (if an oil forns, 
this is kept with the aqueous layer by washing with a small volume of acetone), Hexane (sajne 
volume) is added, stirred for lOmins, decanted and repeated. 

The aqueous layer is concentrated to about 1/3 volume by rotary evaporator with card-toe old 

finger (water bath <35°C). Some oil may form on the side of the flask, The solutfon is then 
20 acidified (0.1N HCI) to pH 3 (care; do not addify below pH 3), and extracted by EtOAc (2x sa ne 
as original acetone volume). Sample can be concentrated wrthout drying to give a foam, yi|*!d 
~70%. 
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EXAMPLE 2 - ALTERNATIVE CONVERSION OF miBOB TO TRI50C 



1. Approximately 300 g of TRlSOb were dissolved in approximately 2.5 L diethylether. 

2. Approximately 54 ml diethanolamine were been added, the mixture was refluxed at 40 °C 

3. The precipitated product was removed, washed several times with diethylether and dried. 

4. The dry product was dissolved in CHCI3. Hydrochloric acid (pH 1) was added and the mixture 

JO was stirred approximately Ih at room temperature. 

5. The organic layer was removed and washed with NH4CI solution. 

6. The organic solvent was distilled off and the residual solid product was dried. 



Typical yield: Approximately 230 g 
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EXAMPLE 3 - SEPARATION OF DIASTEREOMERS 

The R-Mpg and S-Mpg isomers of TRISOb and TRI50c are separated chromatographieally 
summarised below. 

A solution of 5gnVml of TRISOb in acetonitrile is prepared and ID jiL is injected to 

Lichrosphere™ cyano column and eluted with a gradient of n-hexane and tetrahydrofuran widi 
monitoring at 206nM. Analysi$ of the UV chromatogram Indicates TRISOb isomer I 
configuration at a-aminoboronate centre) elutes at (retention time) Rt 11.1 minutes; TRI5<j)b 
l|0 isomer II OS' configuration at a-aminoboron^te centre) elutes at Rt 13.7mmutes. 

Following the same procedure, TRISOc isomer I CR' configuration at a-aminoboronate centr a) 
elutes at (retention time) Rt 21.2 minutes; TRISOb isomer II Q5' configuration at Ipr 
aminoboronate centre) elutes at Rt 22*2 minutes. 

Ip • ■ 

Conditions: 

Column: Licrosphere Cyano Merck.4,6 x 250mm, 5^i. 
Solvent A ; n-Hexane 
Solvent B THF 
2fc> Gradient 0-100% B over 25 minutes 

Monitor UVat 206nm 
Sample concentration 5mg/ml. 

2fe The results are shown in the chromatogram of Pig l» 

The above microanalytica! data show C and N amounts below calculated, suggesting the $ampl4s 
might have contained unremoved water. 

3 0 FXAMPi F 4 = PR F PAR ATTOM OF CA\ HUM SAI T OF TRI5QC 

Cbz-Phe-Pro-BoroMpg-OH (20.00g, 38.1mM) is dissolved in acetonitrfle (200ml) with stirring it 
room temperature. To this solution is added Ca(OH)2 as a 0.1M solution in distilled watsir 
(190mJ). The resultant clear solution is stirred for 2 hours at room temperature and then 
3i> evacuated to dryness under vacuum with its temperature not exceeding 37°C, The resultar t 
product is a white brittle solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 
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Yield; I7.69g. 

Microanalysis: See Example 10. 

EXAMPLE 5 - IJVA/ISIBLE SPECTRA OF CALOUM SALT QFTRI5QC 

UV/Visible spectra were recorded in distilled water at 20°C from 190nm to 400nm. TRI50C and 
the salt gave X max at 210 and 258nm. The weight of the dried salt was then measured for the 
purposes of calculating the extinction coefficient. The X max at 258nm was used. The extinction 
coefficient was calculated using the formula 

A = ed where A is the absorbance 

. C is the concentration 
I the path length of the UV cell 
and a is the extinction coefficient. 

Extinction coefficient 955. 

EXAMPI P fi - AOUFOl IS SOLUBILITY OF CALCIUM SALT OF TRI50C 



To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°C, 
the sample filtered and the UV spectrum measured. The salt left a white residue of undissolved 
26 material. 

Solubiirty when dissolved at 25mg/ml: 5mM (5 mg/ml). 



FXAMPLE 7 - IN VITRO ACTIVITY QF CALCIUM SALT OF TRI50C 



TRISOc calcium salt was assayed as an inhibitor of human a-thrombin by an amidolytic assay (,l 
Deadman et al J, Med. Chem. 1995, 38, 15111-1522, which reports a Ki value of 7nM fcjr 
TRlSOb). 

3£ TRISOc calcium salt was observed to have a Ki of lOnM. 



EXAMPLE 8 - PREPARATION OF ZINC SA LT QF TRI50C 
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The relative solubilities of the respective hydroxides of magnesium and zinc are such that, if 
these hydroxides had been used to prepare the corresponding TRlSOc salts using the procedure 
of Example 4, they would not have resulted in homogeneous salt formation. New methods we're 
therefore developed to prepare the sodium and zinc salts, as described in examples 7 and 8. 

TRISOc sodium salt (2.24g, 4.10mM) was dissolved in distilled water (100ml) at roojm 
temperature and zinc chloride in THF (4.27ml, 0.5M) was carefully added with stirring. A white 
precipitate that immediately formed was filtered off and washed with distilled water. This so Id 
was dissolved in ethyl acetate and washed with distilled water (2 x 50ml). The organic solution 
was evacuated to dryness and the white solid produced dried over silica in a desiccator for 3 da /s 
before microanalysis. Yield 1.20g. 

*H NMR 400MHz, 5 M (CD 3 OD) 7.23^7.33 (20H, m, ArH), 5.14 (4H, m, PhCHjO), 4.52 (4H, m, aClJ), 
3.65 (2H, m), 3.31 (12H, m), 3.23 (6H, s, OCH 3 ), 2.96 (4H, d, ./7.8Hz), 2.78 (2H, m), 2.58 (2ft 
m), 1.86 (6H, m), 1.40 (10H, m). 

13 C NMR 75MHZ 393K 5c(CD 3 OD) 178.50, 159.00, 138.05, 137.66, 130.54, 129.62, 129.s|), 
129.07, 128,79, 128.22, 73.90, 67.90, 5B.64, 58.18, 56.02, 38.81, 30.06, 28.57, 28.36, 25.29. 
FTTR (KBr disc) V(rax (cm 1 ) 3291.1, 3062.7, 3031.1, 2932.9, 2875.7, 2346.0, 1956.2, 1711.b, 
1647.6, 1536.0, 1498.2, 1452.1, 1392.4, 1343.1, 1253.8, 1116.8, 10843, 1027.7, 915.0, 887.|5, 
748.6, 699.4, S95.S, 506.5. 

EXAMPLE 9 - PREPARATION OF MAGNFSTlf M SALT OF TRI50C 

TRISOc (l.O0g, 1.90mM) was dissolved in methanol (10ml) and stirred at room temperature. To 
this solution was added magnesium methoxide (Mg(CH 3 0) 2 ) in methanol (1.05ml, 7.84 wt%). 
This solution was stirred for 2 hours at room temperature filtered and evacuated to 5ml. Watosr 
(25ml) was then added and the solution evacuated down to dryness to yield a white solid. Th s 
was dried over silica for 72hrs before being sent for microanalysis. Yield 760mg„ 

l H NMR 300MHz, fi H (CD 3 C(0)CD 3 ) 7.14 - 7.22 (20H, m), 6.90 (2H, m), 4.89 (4H, m, PhCHjO), 
4.38 (2H, m), 3.40 (2H, br s), 2.73 - 3.17 (20H, broad unresolved muitiplets), 1.05 - 2.10 (16H, 
broad unresolved muitiplets). 

,3 C NMR 75MHz 393K S^CD^Q^) 206.56, 138.30, 130.76, 129.64, 129.31, 129,19, 129.o|>, 
128.20, 128.04, 74.23, 73.55, 67.78, 58.76, 56.37, 56.03, 48.38, 47.87, 39.00, 25.42, 25.29. 
FTTR (KBr disc) VmaK (on 1 ) 3331.3, 3031.4, 2935.3, 2876.9, 2341.9, 1956.1, 1711.6, 1639,$, 
1534.3, 1498.1, 1453.0, 1255.3, 1115.3, 1084.6, 1027.6, 917,3, 748.9, 699.6, 594.9, 504.$, 
467.8. 
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EXAMPLE IQ - ANALYSIS OF CALCIUM. MAGNESIUM AND ZINC SALT? GF TTfl mr 
,4. Calcium Safe 



Analytical data 



HPLC or LQMS: HPLC betabasic C18 Column, 
CH 3 CN, Water 

Estimated Purity: >95% by UV (X 2lSAm ) 
Micra analysis: 



C: 
H 
N 

Other: B; 
Ca; 



Cafcd. 
59.27 
6.48 
7.71 
1.99 
3.68 



Found. 
55.08 
6.43 
7.08 
2.01 
3.65 



Analytical data 

HPLC or LC/MS; HPLC betabasic CIS Column, 
CH 3 CN, Water 

E$timated Purity: >90% by UV C^nm) 
Micro analysis: 



C: 
H; 
N: 

Other; B; 
Mg: 



Cafcd. 

60.44 

6.57 

7,83 

2.01 

2.26 



Found, 
57.25 
6.71 
7.45 
2.02 
2.12 



Zinc$aft 



Analytical data 

HPLC or LQMS: HPLC betabasic C18 Column, 
CH 3 CN, Water 

estimated Purity: >95% by UV (X n5nrn ) 
Micno analysis: 



C; 
H: 
N: 

Other; S: 
Zn: 



Cafcd. 

58.21 

6,33 

7.54 

1.94 

5.87 



Found. 
56.20 
6.33 
7.18 
1.84 
7.26 



Physical Properties 

Form: Amorphous solid 

Colour: White 

Melting Point: N/A 

Solubility: Soluble in aqueous media 
C9~4mg/ml 

Mw: 1088.89 



Physical Properties 

Form: Amorphous soiid 

Colour: White 

Melting Point: N/A 

Solubility: Soluble in aqueous media 



M w : 



1073.12 



Physical Properties 

Form: Amorphous solid 

Colour: White 

Melting Point: N/A 

Solubility; Soluble in aqueous media 
CT~2mg/ml 

M w : 1114.18 
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Conclusion 

The zinc, calcium and magnesium salts have all been prepared with a stoichiometry of one nrjetal 
ton to two molecules of TRISOc. The values found for the calcium and magnesium $alts are close 
to those calculated for this 1:2 stoichiometry. For the zinc salt an excess of zinc was found. 

EXAMPLE STABILITY 

The calcium salt of TRI50C was stored for one month at 40°C and 75% relative humic ity. 
Analysis at the end of the period showed that it contained not more than 1% of a major impi rrty 
10 designated as impurity" 1. This indicates that the salt is stable und$r normal storage condition^. 

EXAMPLE 12 - IN- VT71RO ASSAY AS THROMBIN INHIBITOR OF MAGNESIUM SALT OF TO50C 



Thrombin Amidolytic Assay 

\5 ■ 

TRISOc magnesium salt (TRI 1405) was tested In a thrombin amidolytic assay. 

Reagents: 

Assay Buffer: 
lOOmM Na phosphate 
200mM NaCI (11.68Sg/l) 
0,5% PEG 6000 (Sg/I) 
0.02% Na azide 
25 pH 7.5 

Chromogenic substrate S2238 dissolved to 4mM (25mg + 10ml) in water, Diluted to 50uM w/}ti 
assay buffer for use in assay at SuM, [S2238 is H-D-Phe-P[p-Arg-pNA). 

3|0 Thrombin obtained from HTT, via Cambridge Bioscience, and afiquoted at lmg/ml w/th ass^y 
buffer. Dilute to lOOng/ml with assay buffer and then a further 1 in 3 for use in the assay. 



35 110^1 assay buffer 
50ul 5ng/ml thrombin 
20*d vehide or compound solution 



Sminat 37 6 C 
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20u-l 50uM S2238 

Read at 405nm at 37°C for lOminutes and record Vmax 
Results: 

The results are presented in Fig. 2. 
10 Discussion: 

In this assay the magnesium salt of TRlSOc shows the same activity as TRISOb as en external 
control. 



15 



20 



60 



EXAMPLE 13 rCOMPA RATTVE^ - PREPARAT ION OF POTASSIUM SALT QFTTOSOC 



at 



to 

is 



Cbz-Phe-Pro-BoroMpg-OH (20.00g, 38.1mM) is dissolved in acetonitrile (200ml) with stirring 
room temperature. To this solution is added KOH as a 0.2M solution in distilled water (190nil) 
The resultant clear solution is stirred for 2 hours at room temperature and then evacuated 
dryness under vacuum with Its temperature not exceeding 37 D C. The resultant oil/tacky liquic 
redissolved in 1L distilled water with warming to 37°C for about 2 hours. The solution is Uttered 
through filter paper and evacuated to dryness, again with the temperature of the solution not 
exceeding 37°C. The resultant product is dried under vacuum overnight to normally yield a wh 
brittle solid, 
Yield: 14.45 mg. 



The salt was then dried under vacuum over silica to wnstant weight (72 h). 
30 Microanalysis! 



C % Found 


H % Found 


N % Found 


B % Found 


Metal % Found 


(Calc.) 


(Calc.) 


(Gale.) 


(Calc.) 


(Calc.) 


54.84 


6.25 


7.02 


2.01 


K4.29 


(57.55) 


(6.26) 


(7.45) 


(1.92) 


(6-94) 



-03; 05 : 
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EXAMPLE 13 (COMPARATIVE) - AQU EOUS SOLU^LTTY OE EgE6§5M3 SALT OF TRT^ 

The UV/vfeibte spectra erf TRI50c and its solubility, were obtained as described above in relation to 
the calcium salt. Solubility when dissolved at 25mg/rnl: 29mM (16 mg/ml). 

EXAMPLE 15 rCQMPAftATiVF\ - <m M i BILrrY QFTRTSnr 

The UV/visibte spectra of TRISOc and its solubility were obtained as described above in refaboj, to 
the calcium salt. Tne solubility of TRJ50c when dissolved at SOmg/ml was 8mM (4mg/mi). 

EXAMPLE 1 fi - TNTB^ pnnn NAL ABSORPTTOlM TM pyr 

A. Preparation of Liquid Formulations of TRISOc and Salt 



1. Preparation of buffer solution pH 4.5 

Place 1.48 g of sodium acetate (anhydrous) in a 1000 mL volumetric flask, add 16 mL 
CH3COOH, then add water and mix. Adjust the pH to 4,5 using 0.2 N NaOH and fill up v|ih 
water. 



2N 



2. Preparation of buffer solution pH 6.8 (USP) 

Place 50.0 mL monobasic potassium phosphate 0.2 M in a 200 mL volumetric flask add 22.4 ml 
NaOH 0.2 M fill up with dest Water. Check the pH and adjust if necessary. 



3. Preparation of the ftwmulatfon 

• Place 10 mg of the relevant compound in an Eppendorf cup 

• Add 0.5 mL ethanol and shake for 10 minutes 

• Sonicate for 10 minutes 

• Add 1.5 mL of buffer 

• Shake for additional IS minutes 

• Resulting target concentration: 5 mg/mL 



B. IntraduoO&taf Studies 



3|5 The intraduodenal studies were performed using male Wistar rats, approximately 8 weeks of 
and weighing between 250 and 300 g. 



Food was withheld overnight prior to dosing and returned appmxlmately 2 hou* pastes > 
Water was available sdl/bftum. 



jQ065497 04-Arjr-03 057431 



4. APR. 2003 17:35 HARRISON GODDARD FOO 

P41074CB1.4 (ay Rlecf) - Muftivaient metal salts I 



NO. 863 P. 66/91 



10 



15 



20 



62 



Animals were anaesthetised using gaseous halothane. A small incision was made in the 
abdomen and the duodenum located. Each animal received a single administration of control or 
test article by injection directly into the duodenum, using a constant dose volume of 4mWkg. 
Following administration the Incision was closed using surgical staples. 

Individual dose volumes were based on individual body weights, obtained on the day of dosing 
Treatments employed for the study were as follows: 



Treatment 



DoseKevd 



Fcamulation 
concentration 
(mg/mL) 



Number of animals 



IRI 50c control 20 
Calcium salt 20 
Potassium salt comparator 20 



5 
5 
5 



5 
5 

5 



Approximately 0.6rtil of blood was collected via a tail vein into 3.8% tri sodium citrate tuqes 
approximately 48 hours prior to dosing and again at 0.5/ 1, 2, 4 and 8 hours post-dose. 

Plasma was prepared by centrifugation at 3000rpm for 10 minutes at 4 D C, Plasma was stored 
frozen (nominally -20 e C) prior to analysis in an automated coagulometer. 

c. Results 

Table 2; Mean thrombin time for intraduodenally dosed rats 



Treatment 


Dose 
(mg/kg) 


Group mean thrombin time (s ±sd) at time (hour) 




-45 


0.5 


1 


2 


4 


8 




TRI 50c 
control 


20 


21.3 
£2.69 


42.1 
±19.54 


27.5 
±9.42 


23.5 
±6.40 


21.8 
±2.33 


21.5 
±2.67 




Calcium salt 


20 


21.6 
±1.77 


42.0 
±6.74 


34.0 
±1.89 


22.6 
±5.10 


24.4 
±2,41 


22.4 
±1.73 




Potassium salt 
comparator 


20 


20.0 
±1.92 


26.5 
±3.64 


24.4 
±3.35 


23.2 
±0.83 


23.2 
±2.36 


21.6 
±0.70 





sd = standard deviation 



c 
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A Preparation of Liquid Formulations of TRJSOc and Salt 
5 The procedure of example 16 was followed. 
Br Orai Studies 

The per-cral studies were performed using male Wistar rats, approximately 3 weeks of age 4nd 
1 0 weighing between 250 and 300 g. 

Food was withheld overnight prior to dosing and returned approximately 2 hours post-do^e. 
Water was available ad tibftum* 

15 Each anrmal received a single administration of control or test article by oral gavage, usin 
constant dose volume of 4mL/kg. 

individual dose volumes were based on individual body weights, obtained on the day of dosing, 
20 Treatments employed for the study were as follows; 



Treatment 



Dose level 
(mg/kg) 



Formulation 
concentration 

(nrig/mL) 



Number of animals 



TRI 50c control 20 
Calcium salt 20 
Potassium salt comparator 20 



5 
5 
5 



5 
5 
5 



Approximately 0,6mL of blood was collected via a tail vein into 3.8% tri sodium citrate tu £s 
approximately 48 hours prior to dosing and again at 0.5, 1, 2, 4 and 8 hours post-dose. 

25 Plasma was prepared by oentiifugation at 3000rpm for 10 minutes at 4 fi C. Plasma was stored 
frozen (nominally -20°C) prior to analysis in an automated coagulometer. 
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Table 3: mean thrombin times in the rat fallowing oral administration 



15 



sd = standard deviation 



EXAMPLE 18 - I MTRADUODENAL VARIATION 



Treatment 


Dose 
(mg/kg) 


Group mean thrombin times (s ±sd) at time (hour) 




-48 


0.5 


1 


2 


4 


8 




TRISOc 
control 


20 


22.9 
±2.28 


26.8 
±1.96 


23.3 
±3.68 


23.9 
±2.25 


23.1 
±2.70 


25.1 

±0.3: 


5 


Calcium salt 


20 


23.4 
±1.25 


25.9 
±3.05 


25.7 
±1.94 


24.3 
±0.98 


25.0 
±1.31 


22.9 
±3.4( 




Potassium salt 
comparator 


20 


22.0 
±1.40 


24.7 
±2.18 


24.1 
±1.87 


22.9 
±3.29 


23.2 
±1.24 


23.8 
±1.71 


> 



10 The thrombin times determined in example 16 were analysed to determine the standard 
deviation for increase in thrombin time, expressed as a percentage of the mean value (this 
sometimes called the 'coefficient of variation 1 ). The variation for the Ca salt was calculated to 
less than for "TWSOg, as shown in Table 4 below. 



is 



Table 4: Thrombin times in rats dosed intraduodenally 



Product 

TRI50C 



Ca Salt 



4 - 


- Time ► 




Oh 


0.5h 


increase 


23.70 


40.02 


16.32 


23.10 


40.20 


17.10 


16.85 


23.60 


6.75 


21.67 


62.55 


40.88 




Mean 


20.26 


21.97 


35.32 


13.35 


18.75 


45.98 


27.23 


23.57 


37.27 


13.70 


21.57 


49,30 


27.73 




Mean 


20.50 



SD 

14,53 



SD 



71.7% 



SD% 



CONCLUSION 

20 Examples 16 and 17 indicate that multivalent metal salts of boronic acids have a high or^I 
bioavailability involving an unknown technical effect not linked to solubility. 
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Example 18 indicates that multivalent metal safes of borcnic acids havs a low variation in ^ral 
bioavailability involving an unknown technical effect not linked to solubility. 



It Is speculated that the technical effects may in some way involve coordination between 
5 boronate group and the metal ion. 



EXAMPLE 19 - ORAL ADMINISTRATION IN DOG 



The pharmacokinetics (PK) and pharmacodynamics (PD) of TRISOc (free add) and its calcium ialt 
10 were studied in beagle dogs following oral administration. Three female and three male dogs 
were used for each leg of the study. The weight range of the dogs was 8-18 kg. 

The PD was measured as thrombin time and APTT using an automated coagulometer. Plasma 
concentrations were measured using an LCMS/MS method. 

15 

The calcium salt and TRISOc were Riled into gelatine capsules and enterically coated. The dcse 
was tailored on an individual basis for each dog. Blood samples were taken into tri-sodium 
citrate as previously at pre dose, 0,5/ 1, 1.5, 2, 3, 6, 8, 12, 16 and 24 hours post dose, 

20 A KtSULTS 

Al TOLERANCE 

The TRISOc and the calcium salt were both tolerated well with no adverse events for the toval 
25 duration of the study, 

A2 CALCIUM SALT 

Unexpectedly high mean thrombin-dothng times were noted in dogs receiving the calcium sa L 
30 C max was observed three hours post dose with a mean thrombin clotting time of 80.5 seconds 
(raised from a base line of 15 seconds). There was still elevation of mean thrombin clottir g 
times 8 hours post close (mean of 20.2 seconds). All dogs responded dynamically fallowing on) 
administration of the calcium salt although there was some variability in response. A|[ doc s 
dosed with the calcium salt achieved peak thrombin dotting times of up to 148 seconds, althou^ h 
35 the majority of animals (four out of six) achieved at least a four times elevation in peak thromb n 
time. 
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Absorption as estimated by examination of dynamic response (TQ was variable. A p»k 
thrombin time was noted 1,5 hours post dose (34.2 seconds from a base line of 15.4 seconds). 
5 Two anfmals failed to significantly ahsorb TRISOc as estimated from their dynamic responses. 

Bm activated partial thromboplastin times 

There were no significant changes in APTT from base line following administration of TRI5DC 
10 There was a very slight mean elevation in APTT at 3 hour? following administration of the calci jm 
salt (14.5 seconds to 18 seconds at peak) this rise was deemed not to be clinically relevant, 



a BIOAVAILABILITY 



15 An estimation of bioavailability was achieved by a conversion of thrombin clotting times following 
administration uf the calcium salt to estimated plasma concentrations. 

Unexpectedly high absorption of the calcium salt was seen following oral absorption although 
there was some variability in responses; estimated bioavaifaility was up to as high as 50%. 
20 TRI50c wa$ also well tolerated orally although the dynamic responses were significantly less th nn 
those for the calcium salt. 



EXAMPLE 20 - PARTICLE FQRM 
25 TRlSOc and its calcium salt wen* investigated by microscopy and X-ray diffraction. 



JL Material and methods 



A.1 Microscopic Digital Photographs 

30 

Microscopic equipment Leica®Type 090-135.002 
Digital Camera: Nikon® Coolpfr 990 



35 



A. 2 X-Ray diffraction 

equipment: Bruker®AX, Typ *DTFFRAC 5000' 
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& Results - 

B.l Mfcmscopic Digital Photographs 
5 Various shapes for the solid powder were detected. No hint of crystallinity was observed. 
B.2 X-RayOffizaton 

It is evident from the X-ray diffraction patterns that predominantly amorphous modifications &m 
1 0 present for the investigated compounds. 

a Conclusion 

The microscopic images show that the particles are very ooarse. No crystal appearance could 
15 detected which was confirmed by X-ray powder diffraction where no evidence of crystal 
structures could be detected, 

EXAMPLE 21 ■ TCI50B INHIBITION! OF PLATELET PROCOAGULANT ACTIVITY 

20 Platelet pro-coagulant activity may be observed as the increase, in rate of activation of 
prothrombin by factor Xa in the presence of factor Va upon the addition of platelets pretreatsd 
with thrombin, caused by thrombin alone, collagen atone or a mixture of thrombin and collage n. 
This property is due to an increase in anionic phospholipid on the surface of the platelet with 
concomitant release of micnovesicfe from the surface. This is an essential physiological reactr ?n 

25 and people whose platelets have reduced ability to generate procoagulant activity (So^tt 
syndrome) show an increased tendency for bleeding- 
Method: 

Washed platelets were treated with either 1.15nM thrombin, 23pg/rnl collagen or a mixture jof 

30 both at the same concentration at 37°C. TRISOb was added either for 1 minute prior to the 
addition of activator or immediately after the incubation with activator. Platelet proooagula it 
activity was determined as described previously (Goodwin C A <srt a!, BiochemJ. 1995 8, 3GB: If 
21). 

35 TRISOb proved to be a potent inhibitor of platelet procoagulant activity with iCgg's <s 
summarised below: 



i 
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Table,, 5:^ Influence of JF^b,jin^e .Induction of platelet procoagulant activity by varibus 
agonists: 

Tabled 

5 

Agonist Fold acceleration IC50 plus pre- IC50 without 

without TFUCSOb incubation incubation 

(nM) CnM) 

Thrombin 30 B 3000 

Cfciflagen 45 200 300 

T^nombin/Collagen 110 3 80 

Table 5 records, for example, that when platelets were treated with thrombin they caused a iO- 
fold acceleration of the rate of activation of prothrombin in comparison with control platelets. 
Treatment with TRI50 reduced such acceleration by half at the various TRI50 concentration 
10 levels given. The significant potency of TRI50 is evidenced by the fact that the IC§q values 

in the nanomolar range. 

TRISOb does not have an effect on ADP, collagen or epinephrine induced aggregation of washed 
platelets. 

EXAMPLE 22 ■ RABBIT EXTRACORPOREAL SHUNT MODEL 
Introduction 

20 The technique describes an animal model in which a platelet rich thrombus is produced. The 
activity of TRISOb and heparin are compared. 

The carotid artery and jugular vein of anaesthetised rabbits were used to create 
extracorporeal circuit containing a suspended foreign surface (silk thread). Thrombus deposition 
25 is initiated by creation of high sheer stress turbulent arterial blood flow, platelet activatioi, 
followed by coagulation in the presence of thrombogenic surfaces, histopathological studies 
have shown that the thrombus is platelet rich. 



30 



Materials and Methods 
Animals; 

NZW rabbits (males 2.5 r 3.5 kg) were used. The animals were allowed food and water up to th]s 
induction of anaesthesia. 
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Anaesthesia: 

Animals were premedicated wfth fbntaneJ/fluanlsone (Hypnorm) 0.15 nil total by intramuscular 
injection. General anaesthesia was induced with methohexrtone (10 mg/ml) to effect, follow ed 
by endotracheal intubation, Anaesthesia was maintained with isoflurane (1-2.0 %) earned) in 
oxygen /nitrous oxide. 

Surgical Preparation: 

The animals were placed in dorsal recumbency and the ventral cervical region prepared nor 
surgery. The left carotid artery an d right jugular vein were exposed. The artery was cannuJated 
w/th a large Portex® catheter (yellow gauge), cut to a suitable length. The vein was cannula* ed 
with a Silastic® catheter. The shunt comprised of a 5 cm length of 'auto analyser 1 line (purple 
/white gauge). Joins to the shunt on the arterial side were made with intermediate si2e Silastic ® 
tubing. The shunt was filled with saline before exposure to the circulation. The right femofal 
artery was cannulated for the measurement of blood pressure. 

Thread Preparation and insertion: 

The centra) section of the shunt contained a thread 3 centimetres in length, This consisted of OtJO 
gauge Gutterman sewing silk so as to give four strands with a single knot at the end. (The knjot 
section was outside the shunt). 

Blood Plow 

Biood flow velocity was determined by use of 'Doppler' probes (Crystal Biotech), a silastic prol>e 
was positioned over the carotid artery at the point of insertion of the arterial catheter. How w as 
recorded on a chart recorder using heat sensftive paper, 



RESULTS 



Table 6 



TREATMENT 


DOSE 


THROMBUS WEIGHT 
AFTER 20 minute run 


ANTITHROMBOTIC 
ACTIVITY 




Contra! 


N/A 


22,4 ±2.2 mq (n=5) 






TRI50b 


lOmg/kp iv 


978 ±1.9 mq(n=5*> 


Active 






3.omtg/kq iv 


15.3 ±2.2 mo(n=5) 


Active 




HEPARIN 


100 u/kq iv 


22.9 ±1.65 mq(n=4) 


Inactive 






300 u/ka iv 


10.5 ±1.4 mq (n=4) 


Active (Severe ble< 


ding) 



Discussion 

Table 6 shows that, under high arterial shear conditions, a TRI50b dose of 3mg/kg to lOmg/kg Jv 
significantly inhibits thrombus formation without bleeding, whereas a heparin dose within tha 
normal clinical range for treating venous thrombosis (100u/kg iv heparin) was ineffective. Th* 
higher dose of heparin, though active, caused severe bleeding. These results, which show 
TRI50b effectively inhibiting arterial thrombosis without causing bleeding, are consistent witi 
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TRISOb inhibiting platelet procoagulant activity.- In rontrastrthe4hromt>ln inhibitor heparin, when 
administered at an approximately equi-effegtlve ^ dose (In^temns ^ . inhibmon^of jarterial 
thrombosis), produced the severe bleeding normal when thrombin inhibitors are used to trpat 
arterial thrombosis. 

5 

EXAMPLE 23 - C OMPARISON OF BLEEDING TIMES 

The aim of the study was to compare the bleeding times of heparin with TRISOb in a suite :>Ie 
model. It is accepted that heparin is a poor inhibitor of platelet procoagulant activity {X BfoL 
10 Chem. 1978 Oct 10; 253(19):6908-16; Miletieh Jp, Jadcson CM, Majerus PW1: J. din. Invest 
1983 May; 71(5); 1333-91). 

Bleeding times were determined fn a rat taii bleeding mode! following intravenous administration 
of heparin and TR150b. The doses employed were chosen on the basis of their efficacy In the fat 
15 wessler and dynamic models and were as follows: 

TRISOb: 5 and 10 mg/kg 

Heparin: 100 units/kg 

20 MATERIALS AND METHODS 

Anaesthesia 

Rats were anaesthetised with sodium pentabarbitone at 60 mg/kg (2.Q ml/kg of 30 mg/jnl 
solution by ip, Injection). Supplemental anaesthetic was given ip. as required. 

25 

Surgical preparation 

A jugular vein was cannulated for the administration of test compound. The trachea was alio 
cannulated with a suitable cannula and the animals allowed to breathe Voom air' spontaneously 

3 0 compound administration 

These were given En the appropriate vehicle at 1.0 ml/kg intravenously. Heparin w;is 
administered in saline, whilst TRISOb was dissolved in ethanot, and then the resultant soluticn 
added to water for injection (1 part ethanol to 5 parts water). 

35 Technique 

Two minutes following compound administration the distal 2mm of the animal's tail w^s 
sectioned with a new scalpel blade and the tail immersed in warm safine (37°C) contained in 
standard 'universal' container, so that the blood stream was clearly visible- The bleeding rjmle 
recording wa$ started immediately following transection until the cessation of biood flow from ths 
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tip of the taH. A period of 30 seconds was allowed after the blood flow from the tall had stopi >ed 
to ensure that bleeding did not re-oommenee, if bleeding did start again the recording time \jras 
continued for up to a maximum of 45 minutes. 

5 Results 

Table 7 gives a summary of the bleeding results and shows the increases above base line values 
Table 7 

1 0 Summary table of bleeding results 



Treatment 


Bleeding time min 
(±SEM + ) 


Saline 


5.1 ±0,6 


Heparin 100 u/kg iv 


>40* 


TRISOb 5 mg/kg iV 


113 ± 1.2 


TRISOb 10 mg/kg fv 


30.4 ± 5.2 



It 



^Severe bleeding in all animals, with no cessation after 40 minutes. 
f SEM = sfca ndard errar of the mea n 

Discussion 

The results show that TRISOb was superior to heparin (produced less bleeding) at all doses 
should be noted that when 100 u/kg heparin is compared with 5 mg/kg TRISOb, heparin-treafckd 
animals bled more extensively than those receiving TRISDb; it was previously establish *J 
(Example 22) that heparin at a dose of 100 u/kg i$ a less effective inhibitor of arterial thrombosis 
than TRISOb at a dose of 3.0 mg/kg. Heparin is primarily a thrombin inhibitor and a poar 
inhibitor of platelet procoagulant activity; the results are therefore consistent with TRISOb 
exerting anti-coagulant activity by inhibition of platelet coagulant activity in addition to thrombin 
Inhibiting activity, 

EXAMPLE 24 - -miSOB AS A PRODRUG FOR *TKT5nC: PHARMACOKINETICS AND ABSORPTION 



MATERIALS AND METHODS 
Animals 

Rats, body weight circa 250-300g were used. The animals were tasted only on the day of use ffAr 
the iv stage. Animals were fasted on the night prior to study for the oraf and intraduodenpl 
studies, water was allowed up to the time of anaesthesia. 
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aast ^ Table 8i 

iv phase 



Treatment 


Dose mg/kg iv 


n 


TRISOb 


l.Omg/kg 


3 


TRI50C 


l.Omg/kg 


3 



Table 9 : 

5 oral phase 



Treatment 


Dose mg/kg po 


n 


TRKOb 


20mg/kg 


2 


TRISOc 


20mg/kg 


2 



Table 10: 

intraduodenal phase 



Treatment 


Dose mg/kg po 


n 


TRISOb 


20mg/kg 


3 


TRISOc 


20mg/kg 


3 



10 Dose 



in 



Formulation (TRISOb/TRlSOc) 

These were dosed in a formulation prepared as follows: 48 mg/mJ of TRKOb is dissolved 
ethanol: PEG 300 (2:3 vol: vol). Just before administration, 5 volumes of this solution is mix^d 
1 5 with 3 volumes of 5% kollidon 17 8F. 



20 



I.v. Phase 

Both compounds were given at a dose of l.Omg/kg iv. 
Oral Phase 

1) Both compounds were dosed by oral gavage at 20mg/kg. 



2) 



As 1) but directly into the duodenum. 



25 



The compounds were dosed in a PEG/ethano!/kollidon formulation which was prepared 
immediately before, as described immediately under the heading "Dose": Stock 15.0mg/ml. Th s 
was dosed at L33ml/kg (equivalent to 30mg/kg). 
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Meth dg 
Oralgavage 

Rats were dosed at 20mg/kg. Approximately 30 minutes following dosing the rats w^re 
5 anaesthetised. 

Intraduodenal administration 

The compounds were instilled directly into the duodenum after anaesthesia and surgical 
procedures had been completed. 



Plqpd sampling 
Lv. Phase 

A pre dose sample was taken followed by: 0, 2, 5, 10, 20, 30, 40, $0 and 90 minutes post dose. 
Oral phase 

Blood (0.81ml) was taken from the carotid cannula into (0.09ml) of 3.8% w/v tri sodium citrite 
following anaesthesia and surgery. The first samples were taken one-hour post dose. Then pt, 
1.5, 2, 4 hours post dose. 



Intraduodenal phase 

Blood samples were taken: Pre dose, then at 0.25, 0.5, 0.75, 1.0, 2, 3 and 4 hours post dosing. 

Plasma 

25 This was obtained by centrif ligation (3000 RPM for 10 mm) and stored at -20 C C prior to anatysi? i. 

RESULTS 

PHARMACOKINETIC ANALYSIS 

30 

Intravenous phase 
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f.v. pharmacokinetic data 





TRISOb 


TRISOc 




Elimination half life: minutes 


35 minutes 


36.6 minutes 




Area under curve 


1.68 


1.48 




Mean Residence Time 


46 minutes 


45 minutes 




Clearance: ml/min/kg 


10 


113 




Volume Distribution Litres/kg 


0.5 


0.59 




Max Plasma Concentration (observed) 


2.24 


2.35 





The following results are represented in Figures 3 to 5: 

Fig 3: Intravenous phase clearance and kinetics following a single dose of TRISOb or its f(ee 
acid (TRISOc). The figure shows the observed essay data. 

Rg 4; oral phase clearance and kinetics following dosing with TRISOb or its free acid (TRISOc), 

Fig 5: oral phase clearance and kinetics following intraduodenal dosing with TRISOb or its ffee 
acid (TRI50c). 

CONCLUSION 

When given by the intraduodenal route TRISOb achieved a higher bioavailability (peak piasjna 
concentration) than the free acid. The Lv. kinetics were similar for both compounds. The d ata 
ane consistent with TttlSOb being rapidly hydrofysed in plasma to TRISOc and with TRISOc be ng 
the active principle. 

Taken together with the data from examples 16 to 19, the results of examples 21 to 24 indtajrte 
that oral administration of TRISOc as the calcium salt will provide an excellent way to tnpat 
arterial thrombosis and/or venous thrombosis. 

EXAMPLE 25 - Human Clinical Studies 

In human clinical volunteer studies with doses of up to 2.5mg/kg i.v. (dosages which signffiearjtfy 
prolong the thrombin dotting time), TRI50b had no effect on Simplate bleeding time ((.e. 
bleeding time measured using a Simplate® bleeding time device). 



i 
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It win be^ppredatedjTorn the foregoing that the invention provides boronic add salts useful for 
pharmaceutical purposes and which feature one or more of the following attributes: (l) impir* ed 
amount of oral bioavailability; (2) improved consistency of oral bioavailability; (3) improved 
stebHEty; and (4), in any event, not suggested by the prior art. 

5 

The selection of active ingredient for a pharmaceutical composition is a complex task, wh ch 
requires consideration not only of biological properties (including bioavailability) but also of 
pbysioochemical properties desirable For processing/ formulation and storage. Bioavailability itself 
is dependent on various factors, often including in vfvo stability, solvation properties and 
10 absorption properties, each in turn potentially dependent on multiple physical, chemical andjor 
biological behaviours. 
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1. A salt of a pharmaceutical^ acceptable multivalent (at least divalent) metal and 
organoboronic add drug (where the term ""drug" embraces prodrugs). 

5 

2. A salt of claim 1 wherein the rnetel is a Group II or Group III metal or zinc. 

3. A salt of claim 1 or claim 2 wherein the metal is divalent. 
10 4. A salt of claim 1 wherein the metal is calcium . 



an 



15 



5. A salt of claim 1 wherein the metal is magnesium. 

6. A salt of any of claims 1 to S wherein the organoboronic acid is hydrophobic. 

7. A salt of any of claims 1 to 6 wherein the organoboronic add comprises a boropeptide 
boropeptidomimetic. 

S. A salt of any of claims 1 to 6 wherein the organoboronic acid is of the formula (I): 



or 



20 



R4 \ /OH 
^N-CH-NR 2 -CH-B^ 

R3 R 1 



(I) 



Where: 



R 1 is H or a non-charged side group; 

25 R 2 is H or hydrocarbyl optionally containing In-chain oxygen or sulfur and options 

substituted by a Substituent selected from halo, hydroxy and trifluoromethyf; 



30 



or R 1 and R* together form a Ci-C^ moiety which in combination with N-CH forms a 
6 membered ring and which is selected from alkylene (whether branched or linear) and 
alkylene containing an in-chain sulfur or linked to N-CH through a sulfur; 



R 3 is the same as or different from R 1 provided that no more than one of R* and R 2 is H, and 
H or a non-charged side group; 



is 
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R 4 is H or C1-C13 hydrocarbyl optionally containing in-chain oxygen or sulfur and optionally 
substituted by a substituent selected from halo, hydroxy and trifluoromethyl; 



or R 3 and r5 together form a C^-C^ moiety which in combination with N-CH forms 

5 6 membered ring and which is selected from alkylene (whether branched or linear) 

alkylene containing an in-chain sulfur or linked to N-CH through a sulfur; and 

R 5 is X-E- wherein E Is nothing or a hydrophobic moiety selected from the group consisting 
amino acids (natural or unnatural) and peptides of two or more amino adds (natural 
10 unnatural) of which more than half are hydrophobic and X is H or an amino-pratecting group, 



9. A salt of claim 8 where R 2 and R 4 are H, or R 2 is H and R 3 and R 4 together form a said 
C 1~ C 13 moiwy. 



15 10. A salt of claim 8 or claim 9 where hydrocarbyl is selected from the group consisting 
alkyl; alkyl substituted by cyctoalkyJ, aryl or heteroaryl; cycloalkyl; aryl; and hetercaryl. 

11. A salt of any of ciaims 8 to 10 wherein E is nothing. 

20 12. A salt of any of claims 8 to 10 wherein E is a hydrophobic amino add. 

13. A salt of any of claims 1 to 6 wherein the organoboron*: acid is of the formula (11): 



R 7 -aa 2 -NRM?H-B. 

] OH 

R 8 



0D 



wherein 



25 R^ is X-E- wherein X is hydrogen or an arnino-protecting group and E* is absent or is 
hydrophobic amino acid; 

R s is an optionally substituted moiety containing from 1 to <f carbon atoms selected from the 
group consisting of alkyl, alkoxy and alkoxyalkyl, the optional substftuente being hydroxy apd 
30 halogen (F, CI, Br, I); and 

aa 2 is a hydrophobic amino add. 



4- 
nd 



of 
or 



of 



4. APR. 2003 17:38 HARRISON GODDARD FOO 

! M1074GB1.4 (as filed) - Multivalent mstal salts I 



NO. 863 P. 82/91 



r 



78 



to 



14. A salt of any of claims 8 to 13 where X is R 6 -(CH 2 ) p -C(0)- / R 6 <CH 2 )p- s C°)2-r »' 6 
(CH 2 ) p -NH-C(Q> or R 6 <CH 2 ) p -0-C(0)- wherein p is 0, 1, 2, 3, 4, 5 or 6 and R 6 is H or a 5 
13-membered cyclic group optionally substituted by l, 2 or 3 substituents selected from halogiin, 
amino, nitro, hydroxy, a Cs-Cg cyclic group, C r C^ alkyl and alkyl containing, and/or linked 
5 to the cydic group through, an in-chain O, the aforesaid alkyl groups optionally being substitul ed 
by a substituent selected from halogen, amino, nitro, hydroxy and a C5-C5 cyclic group. 



15. A salt of claim 14 wherein said 5 to 13-membered cyclic group is aromatic 
heteroaromatic. 



or 



;10 



16. A salt of claim 15 wherein said 5 to 13-membered cydic group is phenyl or a 
I membered heteroaromatie group. 

17. A salt of any of claims 14 to 16 wherein X is R 6 -(CH2> p -C(0)- or R^-(CH2)p-0-C(0)- e 

i 15 p is Oor 1. 

1 
1 

i IS. A salt of a pharmaceutical^ acceptable multivalent metal and a peptide boronic acid 
! formula (HI): 



nd 



of 



X^aa 1 -aa 2 -NH^CH-B^ 



(HI) 



R 9 



20 



where: 



X Is H (to form NH2) or an amino-proteding group; 

1 
1 
1 

j 25 aa 1 is Phe f Dpa or a wholly or partially hydrogenated analogue thereof; 

! 

! aa 2 is an imino acid having from 4 to 6 ring members? 

i 

! R 9 is a group of the formula -(CH2> m -W, where m is 2, 3 or 4 and W is -OH, -OMe, -OEt 
; 30 halogen (F, Cl, Br or I). 

i 

j 19. A salt of claim 18 wherein aa 1 is selected finom Dpa, Phe, Dcha and Cha. 
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: 20. A salt of claim 18 or claim 19 wherein aa 1 is of R-gonfiguratioh^ '- 

21. A salt of claim 20 wherein aa 1 is (R)-Phe (that is, D-Phe) or (R)-Dpa (that is, i>Dpa). 

! 5 22. A salt of claim 20 wherein aa 1 is (R)-Phe. 

23. A salt of any of claims 18 to 22 wherein aa 2 is a residue of an imino acid of formula (rh 



10 



H 2 C CH-COOH 
I 

H 



crv), 



or 



where R 11 i$ -CH^v CH 2 -CH2-, -S-CH 2 - or -CH 2 -CUrCH 2 -, which group, when the ring is 5- 
6- membered, is optionally substituted at one or more -CH 2 - groups by from 1 to 3 altyl 
groups, 

[15 24- A salt of claim 23 wherein aa 2 is of ^configuration. 



25. A salt of claim 18 wherein aa 2 is a natural proline residue. 

26. A salt of claim 18, wherein aa 1 -^ 2 is (R)-Phe-(S)-Pro (that is, D-Phe-L-Pro). 

27. A salt of any of claims 18 to 26 wherein R 9 is 2-bromoethyl, 2-chforoethyl/ 
methoxyethyl, 3-bromopndpyi, 3-chloropropyl or 3-methoxypropyl. 

28. A salt of any of claims 18 to 26 wherein R 9 is 3-methoxypropyl. 

29. A salt of any of claims 18 to 27 wherein X is R 6 '-( CH 2)p-C(0)- or R 6, -(CH 2 ) p -O-C(0>, 
where R 6> is phenyl or a 6-membered hetenoaromatic group and p is 0 or 1. 

30. A salt of any of claims 18 to 27 wherein X is benzyloxycarbonyl. 



i2G 



£5 



30 
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31. A salt of daim 18 which is a saJtfcofiA^ofnpcund of formula (VIII): 
i X-(R)-Phe<5}-PrP-(R)-Mpg-BCOH)2 *~ (VIE). 

i 

! 
i 

■ 5 32. A salt of any of claims 18 to 31 which is a divalent metal salt of the peptide boronic aci{3- 
: 33. A salt of claim 32 wherein the metal Is calcium, 

34. A Salt of claim 32 wherein the metal is magnesium. 



1 10 



i 

'15 



|20 



35. A salt of any of claims 18 to 31 which is a Group III metal salt of the peptide torojiic 
acid. 

36. A salt of claim 35 wherein the metal Is aluminium, 

37. A selt of claim 35 wherein the metaJ is gallium, 

38. A salt of any of claims 1 to 37 which is an add salt (that is, wherein one B-OH gro|jp 
remains protonated). 



39. A salt of any of claims 1 to 38 wherein the salt comprises a boronate ion derived frc m 
j the boronic acid and a counterion and wherein the salt consists essentially of a salt having 
i single type of counterion- 

■ 

! 25 40. A product obtainable by (having the characteristics of a product obtained by) reaction of 
a boronic acid as defined in any of claims 1 and 6 to 31 and a pharrnaceutlcaily acceptable 
i multivalent (at least divalent) metal base. 



of 



41. A product obtainable by (having the characteristics of a product obtained by) reaction 
|30 a boronic acid as defined in any of claims 1 and 6 to 31 and a pharmaceutical^ acceptable 
i multivalent (at least divalent) metal hydroxide. 

42- A product of daim 40 or claim 41 wherein the metal is as defined by any of claims 2 to 

I 
j 

!35 43. A product of any of claims 40, 41 and 42 wherein the reaction comprises combining 
solution of the peptide boronic add in a water-miscible organic solvent with an aqueous solution 
of the base, allowing the acid and the base to re^ct at ambient temperature (e.g. at 
temperature of from 15 to 25*C), evacuating the reaction mixture to dryness, redissolving the 
salt in water, filtering the resulting solution and drying it, and, if required, removing at least 



i 
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portion of the residual water by further redissoiution in ethyl acetate or THF followed 
evaporating bo dryness. 



44. A product of claim 43 wherein the acid and the base are allowed to react for at least qne 
5 hour. 

45. A product of claim 43 or daim 44 wherein the watier-misrible organic solvent Is 
aoetonftrile or an alcohol, e.g. ethanol, methanol, a propanoic especially i$o-propanof, or another 
alkanol, or a mixture of alcohols. 



46. A product of any of claims 40 to 45 wherein the boronic acid is as defined by any 
claims 18 to 31. 



47. A method for drying a botanic add salt, comprising dissolving it In ethyl acetate and th|en 
15 evaporating the resultant solution to dryness. 



46. A pharmaceutical formulation in oral dosage form comprising a salt of any of daims 1 
39 or a product of any of claims 40 to 45 and a pharmaceutical^ acceptable diluent exdpient 
carrier. 



49. A pharmaceutical formulation of claim 48 which is adapted to release the salt or tjie 
product in the duodenum. 



50. 



A pharmaceutical composition of daim 49 which is enterfcalJy coated. 



by 



of 



to 
or 



■ Si. A method of Inhibiting thrombin rn the treatment of disease comprising orally 
j administering to a mammal a therapeutically effects amount of an active agent selected frqm 
the group consisting of salts of any of daims 18 to 37 and a product of claim 46. 

i 

i. 

|30 52. A method of claim 51 wherein the active agent is in a formulation adapted to release t re 
I active agent in the duodenum, 

i 53. The use of a salt of any of claims 18 to 37 or a product of claim 46 for the manufactu^ 
of an oral medicament for treating thrombosis. 



54. The use of a peptide boronic acid of formula (III) as defined in any of claims 18 to 37 *s 
an intermediate to make a salt of any of claims 18 to 37 or a product of claim 46. 
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55. A method of preparing a salt of any of claims 1 to 39 or a product of any of dafms 40 to 
46, comprising contacting a peptide boronic acid of formula (111) as defined .in dayjrn^lS vtfftrLa 
j base capable of making such a safc 

i 

; 5 56p A method of preparing a salt of any of claims 1 to 39 or a product of any of claims 40 to 
46, comprising mixing together a solution of an alkali metal salt of an organoboronlc add drjg 



: 



and a solution of a multivalent metal salt and recovering the respective multivalent metal salt 
the organoboronic acid. 



! 10 57. A method of daim 56, wherein the organoboronfc acid drug is as defined in any of daii ns 
13 to 17 or 18 to 31. 



J 58. A method of claim 56 or daim 57, wherein the multivalent metal is zinc. 

t 

15 59. A method of ciaim 56 or daim 57 r wherein the multivalent metal is calcium. 

60. A method of any of claims 56 to 59, wherein the alkali metal is sodium. 

i 

61. A method of any of claims 56 to 60 wherein the multivalent metal salt of tie 
j20 organoboron ic acid is recovered by allowing it to precipitate and separating the solid precipitate 

from the reaction solution. 

! • 

62. The use of the sodium salt of a compound of Formula III as defined in any of claims 

to 31 as starting material to prepare the corresponding calcium or zinc salt. 



]J0 



63, A sodium or potassium salt of a compound of Formula in as defined in any of claims 
to 31. 

64. A salt of claim 63 when in aqueous solution. 

65, A method of treating venous and/or arterial thrombosis by prophylaxis or therapy 
comprising administering to a mammal suffering from, or at risk of suffering from, arterial 
thrombosis a therapeutically effective amount of a product selected from a salt of any of daln|s 
18 to 31 and a product of daim 46. 

66. A method of daim $5 wherein the disease is an acute coronary syndrome. 



of 
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67. A method of inhibiting platelet proeoagulant activity, comprising administering to 
mammal at risk of, or suffering from, arterial thrombosis a therapeutically effective amount o 
product selected from a salt of any of daims 18 to 31 and a product of claim 46. 

5 68. A method of claim 67 wherein the disease is an acute coronary syndrome. 



69. A method of treating by way of therapy or prophylaxis an arterial disease selected from 

acute coronary syndromes, cerebrovascular thrombosis, peripheral arterial occlusion and arteila! 

thrombosis resulting from atrial fibrillation, valvular heart disease, arterio-venous shuns, 
'10 indwelling catheters or coronary stents, comprising administering to a mammal a therapeutically 

effective amount of a product selected from a salt of any of clalm$ IS to 31 and a product of 
; claim 45. 



US 



SO 



70, A method of claim 69 wherein the disease Is an acute coronary syndrome. 

71. The use of a product selected from a saJt of any of claims 18 to 31 and a product 
claim 46 for the manufacture of an oral medicament for treating arterial thrombosis. 



of 



72. The use of a salt of any of claims 18 to 31 or a product of claim 46 for the manufacture 
20 of an oral medicament for treating by way of therapy or prophylaxis a disease selected frcfn 
acute coronary syndromes, cerebrovascular thrombosis and peripheral arterial occlusion. 

i 73. The use of claim 72 wherein the medicament is for treating an acute coronary syndroms, 

25 74. The use, for the manufacture of a medicament for treating in a mammalian subject by 
way of therapy or prophylaxis a disease selected from acute coronary syndromes, 
cerebrovascular thrombosis, peripheral arterial occlusion and arterial thrombosis resulting fron 
atrial fibrillation, valvular heart disease, arterio-venous shunts, indwelling catheters or coronajy 
stents, of a salt of any of claims 18 to 31 or a product of claim 46. 



75. The use of a salt of any of claims 18 to 31 or a product of claim 46 for the manufacture 
of a medicament for inhibiting platelet procoagulant activity. 



i 
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Comparison of TRl Soto witn its Free acid (iv) in rats 
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Oral absorptionTRI 50b and its Free acid in the rat 
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